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ABSTRACT 

This report describer method6 of measuraent m$ r e 3 d ~ t i ~ ~  ~f data 

an aircraft & firings a t  high altitudes.  

These methods were applied t o  recorde obtained by sirborne and ground 

based photogra~rmetric cameras for the purpose of determining: 

(a)  the spatial orientation of the gun a t  the moment of firing, 

(b) the spatial coordinates and velocity of the aircraft at the 

time of firing, 

( c )  the muzzle velocity and the spatial coordinates of the point 

of burst of the projectile.  

ewh type of computation are included in th i s  report; . 
A detailed aescription of t'ne insir--entation t o  ooiitabed i~ &?I., 

Report No. 1105, "Instrumentation for Acquisition of Ballistic Data on 
W1-Scale Aircraft Gun ~ i r i n g s "  , by Donald F .  Menne, August 1960. 



m w n n  n n v  mm ~ n n v  i . u ~ ~ n u u w - I '  IUU 

1.1 In January 1954, the Ba l l i s t i c  Research Laboratories were 

observation, and data reduction procedures for  the acquisition of b a l l i s t i c  

data on a i r c ra f t  gun f i r ings  a t  high a l t i tudes .  This assignment comprieing 
+LA A . 1 1  m n n l  n -Lnan AP -..I- a n - +  a v ~ n a -  A 4  a ~ . . m - - A  rru~ r urr csGarc y r r a m c  ur yr-ujcc t, b~ U ~ P W L L I U  WCIL, U I I > G U D D C U  iri 7 eezlier 

(1) 
report. 

The Bal l i s t ic  Research Laboratories were responsible for  the f irst 

group of f i r ings.  Range support and additional were provided 

. by the A i r  Force Annament Center., (AM ) , Eglin A i r  Force Base, Florida. 

The f i e l d  observations during the i n i t i a l  phase of t h i s  program were con- 

ducted a t  Eglln ~ i r  Force Base (EAFB) between February and June 1958. The 

data reductions were carried out by BRL a t  the Aberdeen Proving Ground, 

Maryland. The BRL survey group departed EAFB i n  March 1958, and the re- 
=hing naL personnel 19@. Upon completion of phase, 

all instrumentation and data were turned over t o  A N .  

1.2 The quantit ies t o  be determined, the i r  respective accuracies and 

method of observation, a s  se t  for th  i n  Reference (1) were as  follows: 

j a j  Spat iai  coordinates of the a i r c ra f i  a t  the instant  the gun 
+ i s  f i r ed  and of the burst  of the pro jec t i le  t o  a re la t ive  accuracy of - 2 ft, 

(mean error ) ,  by ground based phototheodolites 
. + * 

(b) Veloci ty  of the aircraft to - 2 .ftlBec , by ground baeed 

phototheodolites 
+ 

(c  orientation of the  gun l i n e  i n  space t o  - 1 m i l ,  by airborne 
ph=+,=wm=+,rk cm=r= 

(d)  Muzzle velocity of the pro jec t i le  t o  2 2 f t /sec,  by velocity 

cameras, as well a s  by electronic pro jec t i le  velocity meter (m) 
of mergence of t he  projectile from the muzzle $0 

2 0.001 eec, by eletronic method 

( f )  Time of burst of the pro jec t i le  t o  5 0.001 sec, by electronic 
method 



(g)  Meterological data including: 

+ 
(1)  A i r  density t o  - 0.1% 

(2)  Wind veloci ty  t o  2 5 f t / s ec .  
+ 0 

(3 )  A i r  temperature t o  - 1 F 

This report  w i l l  be concerned only with items ( a )  through ( c ) ,  and 

with (d )  insofar  a s  the  op t i ca l  method i s  concerned. Table 27 l i s ts  a 

summary of r e s u l t s  of these items together with r e s u l t s  a s  obtained by 

e lectronic  methods. Item ( g )  which was the  responsibi l i ty  of AFAC i s  only 

included insofar as theae data a r e  used t o  compute refract ion corrections.  

1 .  An F-8% a i r c r a f t  (Fig. l ) ,  modified t o  ca r ry  the  required 

instrumentation (Fig.  2), was used. A l l  missions were flown a t  30,000 f ee t ,  

*where 2Omm M97 rounds using gun M-24 were f i r ed .  A l l  f i r i n g s  were made 

approximately ve r t i ca l l y  downward. 

1.4 This report  deals  with a group of 15 rounds f i r e d  a t  EAFB. In  

the  case of some f i r i n g s  it was impossible t o  obtain a l l  the  desired 

quant i t i es  because of f a i l u r e s  of one type or another. However, a l l  data 

t h a t  could be reduced f o r  these rounds have been included. 

Throughout t h i s  repor t  the  rounds a r e  designated by date, mission, pass 

and round number. For example, ll April  M~/PJ-2  r e f e r s  t o  the  2nd round 

f i r e d  during the 3rd pass over the  range fo r  the  1st mission flown on the  

11th of April.  If only one round was f i r e d  during any one pass the  round 

number was omitted. 

1.5 Measurements of p l a t e  and f i lm coordinates were made on a pre- 

c i s ion  Mann Comparator where readings t o  the  nearest  micron were taken. 

In  the  case of t he  airborne camera (wild RC-7) p l a t e s  and veloci ty  camera 

film, th ree  se t t ings  were made on each point  measured. In  the  case of the  

ground based phbtotheodolite ( ~ s k a n i a )  p la tes ,  th ree  se t t ings  were made on 

each star break resu l t ing  i n  twelve se t t ings  for  each s t a r .  Three aet t ings  

were made on each survey f l a sh  image and twelve se t t ings  on the  burs t  image. 

In  a l l  cases, six se t t ings  were made on each f i duc i a l  mark, three  before 

end three  a f t e r  t he  p l a t e  or  f i lm was measured. 







1.6 The OFtDVAC and EDVAC high speed electronic computers were 

available for the computation of star positions, range and calibration pit 

control point coordinates and the reduction of camera orientations and gun 

directions. 

1.7 BRL Report No. 1105, "~nstrumentation for Acquisition of Ballistic 

Data on F'd-1-Scale Aircraft Gun Firings"( *) gives a detailed deecription of 

the instrumentation system. 



2.1 Function and Description 

The basic  function of the ca l ib ra t ion  pit was t o  determine the  

d i rec t ion  of the  gun r e l a t i v e  t o  the  RC-'7 camera and the  or ientat ions  

of +,he velocity cnmeras by mesrr_s ~f calibrat;inn t~1-rget.s phnt.naaphed 

from the stationary a i r c r a f t .  

The calibration pit (~ig. 31, was constructea of reinforced concrete, 

approximately 23 f e e t  square and 13 f e e t  deep. A t  the  top  and f lush  with 

the  na tura l  ground surface a cant i lever  type beam, 2 f e e t  wide and extending 

7 f e e t  over t h e  p i t ,  was const ructed  on which the  f r o n t  wheel of t h e  air- 

c r a f t  could be placed. T h i s  ailowed posit ioning of tine RC-7, tine veioci ty  

cameras and t h e  gun over t he  p i t .  

I 1- 2 3 ' - 0 '  SQUARE / I 
STAIRWAY 4 + d  

\ D w l N  PIT TIm '7 
,NATURAL GROUNO 

SURFACE 

FIG 3 - CALIBRATION PIT 



To provide the  t a rge t s  o r  control  points  necessary t o  determine the  

RC-7 camera o r ien ta t ion  25 s t e e l  b a l l s ,  each .06 inches i n  diameter and 

painted white, were at tached t o  an invar bar system ( ~ i g .  4 ) .  This 

system, mounted t o  an i so la ted  p i e r  i n  the  cen te r  of the bottom of t h e  

ca l ib ra t ion  p i t ,  consisted of e igh t  separate invar bars rad ia t ing  from 

the  center toward the  four walls  of the  p i t .  Two control  points  (NOS. 26 
27)  were mounted on a rod vhich vas temporarily inserted i n t o  t h e  gun 

b a r r e l  t o  define i t s  center  l i n e  during the  ca l ib ra t ion .  Control point  

No. 25 was used t o  determine the  camera o r ien ta t ions  f o r  ve loc i ty  cameras 

Nos. 1 and 4. Control point No. 27 was used to determine the csmera 

or ienta t ions  f o r  ve loc i ty  cameras Nos. 2 and 3.  

Fig. 4 RC-7 Photograph of Calibration P i t  



A +  +.he +.nn cf e z h  cemer ef the p i t ,  permqefit type self-centeri~g rru v u r  w v y  

bolts  were embedded in  the concrete, tnus allowing the positions of wild T-2 

theodolites t o  be recovered i n  a l l  three coordinates. A calibrated invar 

bar 10.5 feet long which  could be used t o  determine t he  scale of the control 
- - A I L -  ----I-- ---, - L A - - L - 2 3  L, ,-- - - - l l  A L -  - A A  p u m ~ a  ay.5- WPB ulrt,uc~eu LO uur WBAL VL C u r  PI*. (scale iies e ~ t i i d l ~  

determined by taping the distance between two self-centering bol t s  and 

checked by the invar bar).  

Except for  the glossy white target  ba l l s ,  which were illuminated by 

16 evenly spaced 500 watt photo-flood type bulbs, the calibration p i t  and 

iiiv= b u  =let= irere paizte& a non-ref leot ing ?;h&. 

2.2 P i t  Calibrations 

A s  a r e su l t  of numerous p i t  calibrations,  a procedure for  observing 

the p i t  control points w a s  established. 

(a ) Periodically, a caiuplete p i t  calibration was made i n  which all 

25 control points and stat ions A, B2 C and D were observed. Coordinates 
4 r-, 4 - -  A ,,..,a L- 4 L n '7 -----A - -aA-  
U C ~ W ~ - I I L L U ~ U  ~ r w m  b u ~ u  U U L - v ~ y  w w r - c  u m e u  bu uc bcr -m~uc brrc nb- 1 ~uutcr-a UL-ACU- 

ta t ion.  During thie oalibration, a Wild T-2 theodolite was s e t  up a t  each 

corner (A, B, C ,  D) of the p i t .  A quadrilateral was thereby formed from . 

~ h i ~ h  p ~ i ~ t u e  were EE&S t~ ma f k ~ ~  e ~ ~ h  theG&lite pCeiti~~. TC ?ie+,emiaa 

the XY-coordinates of the 25 control points, t h i s  quadrilateral ( ~ i g .  5) 
was addusted and served as a basic net from which a l l  control points were 

in by bntersecti~n, Beeauee of &eep vert;ic~J knglee encn~lntered 

in the p i t ,  only the six control points, Nos. 7, 8, 9, 19, 20 and 21 were 

observed from a l l  four s tat ions.  Control points Nos. 10 through 18 were 

observed frcm stat ions D and C ,  and control points Nos. 1 through 6 and 

22 through 25 were observed f'rm stat ions A and B. ( ~ i g .  4 ) .  The Z 

coordinates were determined by d i f ferent ia l  leveling. 



FIG. 5 - CALIBRATION PIT  Q U A D R I L A T E R A L  

points  before each n igh t ' s  missions. S i x  points ,  Nos. 9,  15, 17, 19, 23 

and 25 were chosen for  t h i s  purpose. The Z coordinates were checked by 

++--+(~-1 G c u l e 5 A F ; a  a-rr1-a +**-n-A U U A A A ~ ~  f r n m  J . A u u i  u u u u ~ v r r  a+n+ inn  D rrrrurra. nnd Y V  c.nnrd-1nnt .e~ ------------ by i_n_terse~tion 
r 

from s t a t i ons  A and D. Any changes i n  t h e i r  r e l a t i v e  positions large 

enough t o  a f f e c t  the  camera o r ien ta t ions  would require  a new p i t  c a l i -  

During the times t he  check survey was made, the  a i r c r a f t  was posit ioned 

ever the g i t i  c n n t r n l  points Nos, 26 and 27 were obeerved and velocity and 

RC-7 camera photogTap'ne were taken . m'- - --1 - A J  A- - ---a- - -a  4.- e Lnt: reruuuuu ~ L I I I U L I ~  VCIVGLUJ GCYLLGA a m  

RC-7 camera, and t he  gun could in t h i s  way be es tabl ished.  



2.3 S t a b g t y o f  the Control Points 

The s t a b i l i t y  of the control points depends on the s t a b i l i t y  of the  

invar bar system and the  concrete p i t  i t s e l f .  (see Table 1 which shows 

t h e  a z Z  c~crdAnates 6 of the 25 c ~ c t r o l  points ~b ta ined  from different 

p i t  calibrations.  ) 

D I +  l i + i n  m a A a  A i ~ r i n m  +hn a i l m m e r  ~f 1957 shewed the invw A A Y  bU.LAULUYAV1.Y  ...UUU UU&Ub V I I U  Y-YI 

bar system was s table  and t h a t  most of the c-Wges i n  the coordinates of 

the control points were due t o  deflections or changes i n  the walls of the 
* 

pite These cB~n_g~r? vnidd affect. t.he r or b ~ g j c  net, f r m  wuch 

the  coordinates of %he control points were determined (gee Tables 2, 5,  4 
and note the changes i n  the adJusted angles, the four coordinates and the 

~h lengths of the quadrilateral. ) Changes due t o  the  i n s t a b i l i t y  of the  

gun3 as long as  the r e l a t ive  difference i n  the  coordinates of the control 

points remained the same, the re la t ions  among velocity cameras, RC-7 camera 

2.4 Accuracy of the Control Points 

The accuracy with which the posit ions of the control points could be 

determined degended on (a) the  l e n e h  measurements (scale) ,  (b? the 

d i f f e ren t i a l  l eve ls  or vertical angles, and ( c )  the horizontal angles t o  

the s ta t ions  and control points. 

Scale would a f f ec t  the absolute accuracy but was important only 
n - - * - I -  n n --a Arr A L ,,a,&, ,,,,, . a &  . a  A- x g r  poln&u  no^. r 3  trua r ~ ,  nu u~cuc:  b w u  yulur,a wcr-c A I J U A L - C ~ ; ~ A J  LWCU uu 

determine the proJect i le  velocity, a t rue  distance between them was necessary. 

Since only directions were required f o r  the RC-7 camera and the gun, any 
afi-1 A fi~..l ha-.- h ~ a n  I I ~ C L A  
PbCLI.F C.V-U a - V F  UGGU 

Scale comparisons made on the 10.5 foot  invar bar showed errors  
A- L 1 &LA, n L 
bu vc A ~ S U D  UCUI U. -. A~~*iaiir"rg a e y r m  of p e r  Q . r the 

distance between points Nos. 25 and 27, and taking 0.004 seconds as  the  



average time required f o r  the  p ro j ec t i l e  t o  t r a v e l  a distance equal t o  
C L r ,  A 4  L a + * v e n m  +Ln + q t n  - n 4 n + e  m m  dHnhn P n w  +kn mmn/mn+.(  1 n . 1 r n l n ~ 4 + . ~  
UAAG UILPUCLIILC U G U W G G A A  UAAG u w v  p w r u u a ,  -LA G A A W A  A W L  urA6 yru,j=burrsz v G r u L r u j  

of 0.05 meters per second would r e su l t .  The e f fec t  of sca le  e r rors  of the  

ca l ib ra t ion  p i t  on the  proJec t i l e  veloci ty  was, therefore,  negligible.  

(b)  Di f fe ren t ia l  l eve l s  and v e r t i c a l  angles. 

instruments were s e t  up i n  the  bottom of the  p i t  a t  opposite corners, 

because t he  minimum foca l  d i s t m c e  of the  instruments would not accommo- 

d=te 611 the poifits from one se+,-i~p. E!,e\r=tio=s of +,he cofi+,rol points 

that couid be observed from both set-ups agreed t o  within 0 . h .  Checks 

on the  elevations made by changing the  instrument heights and re-running 

the paints were within 0,2mme 

Vert ical  angles t o  t he  control  points  ( see  2 .2(b)) ,  which were 

used t o  check the  Z coordinates, could ea s i l y  be turned t o  within 5 seconds 
-. or  arc .  'me maximum obiique distance from an instrument t o  a control  point ,  

s t a t i on  D t o  point  16 was approximately 9.6 m. The Z coordinates of the  

control  points,  as  determined by v e r t i c a l  angles, should therefore  be good 

to 0 . a .  (See Table 5 which is a tabulation of Z coordinates as obtained 

from several  ca l ib ra t ions) .  The two cal ibrat ions  of 28 February 1958, Nos. 07 

and 08, were made approximately 5 hours apar t .  Calibration Nos. 05, 19, 
'3'3 ' 3 1 1  2 XL t w n - ~  ~ n - - l  4  n - 1  <L..H~+~AI.L- + f7 n n n - d - t - m + - -  --L-f-L 
r r ,  r r ,  culu /U WCL c u c  P A C ,  L a ~ A u ~ - c ) u ~ u r ~ o ,  L C  a L U U L - u u a ~ c u  UA w u r c ; n  

were obtained by d i f f e r e n t i a l  l eve l s ,  whereas a l l  others were obtained by 

v e r t i c a l  angles. It i s  noted t h a t  the  differences i n  coordinates on the  

g~ =nn 08 p t r t a  vprp v.r+;Mfi C),ky, %Q& +;ha+; riEr 05 e ~ f i  -9 fiptetpdfipd 

by l eve l s  and v e r t i c a i  angles were i n  good agreement. I n  f a c t  a i l  runs 

from 28 February t o  11 March would ind ica te  t h a t  the  Z coordinates of t he  

control  points  not only were s t ab l e .bu t  a l so  were wi th in  the 
-a , , a,,,, ,,, na a L A  A -- - ----- n ---- ur accuracy . ~ u l l u r t s u u n t r  ru r l  l r u m  21 i.'k~ch t o  5 jiine w e r e  fair but ~howeci 

a cer ta in  amount of re laxat ion i n  a t t i t u d e  towards accuracy on t h e  part of 

the  observer. These r e s u l t s  could only be a t t r i bu t ed  t o  coarse e r rors  i n  

the  obeervet!:ofie c?r ificcrrect i ~ s t r t ~ e ~ t  h i g h .  The p e ~ a e n t  



type self-centering bolts provided_ a means of not only positioning t k  

theodolite but also of establishing the same instrument heights for all 

calibrations. Some of the calibrations, for example calibration No. 15, 

(see Table 5 )  seemed to be consistently off by approximately 2.5nrm. This 

discrepancy could be the result of not setting the instrwnent to the correc6 

height, since careful set-ups should position the instrument in height to 

about O.lmm. Inasmuch as the pit control points would directly affect the 

camera calibrations, maximum care in establishing coordinates of the control 

points should be exercised. 

The two control points on the gun rod also afforded a check on 

the accuracy that could be expected from a calibration. These two points, 

Nos. 26 and 27, used to define the gun center line, were surveyed in by 

observing horizontal angles from Stations A and D and vertical angles from 
Station D. In this way the XYZ coordinates of the two control points could 

be computed. Once the coordinates were known, the required direction of 

the gun could be determined and the measured distance between the two 

control points used as a check. This distance, measured by taping to be 

0.8522 m, remained sufficiently constant. Table 6 is a tabulation of this 
distance computed from the Xm coordinates of the two points. The results 

between 11 February and 21 May compared favorably with the measured distance. 

The sudden breakdown of this agreement, as shown by results between 22 May 

and 4 June, could be attributed to several factors, one being careless 
field observations, another being a movement by the alrcraf't or the gun 

during the time points Nos. 26 and 27 were being observed. An adjustment 

of calibrations made between 11 February and 21 May resulted in a mean error 

for an individual distance measurement of f O.1b. Therefore, the mean 

error of the coordinates of a single point would be: 



This was somewhat b e t t e r  than t he  accuracy obtained fo r  the  25 control  

points  i n  the  p i t  and was probably due t o  t he  smaller v e r t i c a l  angles 

encountered when observing points  Nos. 26 and 27. The v e r t i c a l  angles 
: 

t o  points  Nos. 26 and 27 were approximately + lo 40 and -9' 501 whereas 
t 

v e r t i c a l  angles t o  t he  con t ro l  points i n  the  p i t  ranged from -45O 50 f o r  

point  No. 25 t o  -29' 10' f o r  point  No. 17. These la rge  v e r t i c a l  angles, 

unless corrected f o r  by bubble readings or  by caref'ully l eve l ing  t he  

h~rizo~tal =is of the  instr l~ment;  would a f f ec t  the  hor izontal  d i rec t ions  

t o  the  points .  During the  ca l i b r a t i on  the  l eve l ing  method was used. 

( c )  Horizontal angles 

A method f o r  determining t h e  XY coordinates and mean e r ro r s  of 

the  p i t  control  points  by t he  method of l e a s t  squares w i l l  be shown i n  

a following example. Part A i s  the  adjustment of the  quadr i l a te ra l  ABCD, 

Pa r t  B t he  adjustment of t he  four d i rec t ions  t o  one of the  six over- 

determined con t ro l  points  ( see  Tables 7, 8 and 9,  which give t he  r e s u l t s  

of Pa r t s  A and B f o r  p i t  ca l ib ra t ions  run on 3 March, 22 Apri l  and 6 May 

respect ively) .  

The 3 March ca l i b r a t i on   a able 7),  shows an approximate un- 

c e r t a in ty  i n  t he  con t ro l  point  coordinates of 0.l6mm which i s  within t he  

l i m i t s  of accuracy expected from a ca l ib ra t ion .  The 22 Apri l  ca l ib ra t ion  

 a able 8),  which i s  a good quadr i l a te ra l  as indicated by a mean e r r o r  of 
II + 2 0.90 f o r  t he  quadr i l a te ra l  adjustment, breaks down t o  - 0.66mm because 

+ of the  coarse e r ro r s  made when observing the  control  points.  The - 1.Olmm 
uncertainty of t h e  control  point  coordinates fo r  the  6 May ca l ib ra t ion ,  

 a able 9 )  , was due not only t o  ca re less  quadr i l a te ra l  observations (mean 
i I t  

e r ro r  f o r  a s ing le  angle of - 9.98.')) but  probably a l so  t o  ca r e l e s s  

observations made on t h e  control points ,  

Actually t h e  coordinates of t he  six over-determined control point6 

were taken a s  averages of t he  coordinates a s  obtained from each of t he  s i x  

baselines,  and not by a least squares adjustment of the  four  di rect lone.  

L i t t l e  d i f ference ex i s ted  between t h e  two methods, and e i t h e r  one produced 



reaul ta  comparable i n  r e l i a b i l i t y  t o  the coordinates of the ,other 19 

control points (see Table 10 which i s  a tabulation of r e su l t s  obtained 

by the two methods). Thus the difference between the two methods for  the 

3 March calibration i s  negligible. The quadrilateral for  the 22 April cal i - '  

bration i s  good, but coarse errors  were made when observing the control 

points. The observations for  the 6 May quadri la teral  are  affected by 

coaxse er rors  leading t o  wrong control point coordinates. 

Part  A: Quadrilateral Adjustment ( 3 March ~ u a d r i l a t e r a l )  

(a) The following figure shows the angles of the quadrilateral  a s  obsemed 

i n  the f i e ld .  

Observed Angles 

(1) 42' 14' 47':4 

v ' s  
from ( e )  - 

-0.84 

-0.35 

Adjusted Angles 

42' -14' 4 L 5 6  

NOTE: To sa t i s fy  the condition tha t  the  e m  of the angles of a triangle 

must equal 180°, vq and vg were changed by one uni t  i n  the second decimal 

place. This difference was due t o  rounding. 

18 



(b) For the adjustment of the quadrilateral,  3 angle equations and 1 

side equation must be sat isf ied.  

Angle Equat ion8 

Denoting the corrections for  41, r2 . .+8 by vl, v2 . . . . .v8, the 3 
angle conditioned equations for  

Side Equation 

The logarithmic form of the side equation i n  terms of the corrections 

is: 

'-d V + d2v2 - 
1 1  

.... + d8v8 - log sin 0 + log sin 0 - .... + log sin 0 8 =  0 
1 2 

where, 01, 0 etc .  are the observed values of the angles, 
2 

dl, d2 etc .  are  
11 

+,he 1 -  difference= for 1 for the log sines of 0- 1: 0,. 2. etc .  and 8 is 

the mount by which the observed values f a i l  t o  sa t i s fy  the side equation. 

Taking the  uni t  as the 6th place of logarithms and arranging i n  tabular 

form, 



Angle + log sin d A n g l e . .  log sin d 

8 9.85a935r 2.29 - 1 9.82757706 2.32 

6 9.86706149 1.93 7 9.86955680 1.91 
4 9.82926432 2.30 5 9.82847878 2.31 

2 9.86787422 L. 92 3 9.86875001 1.92 

and the conditional side equation is 

(c) Correlate Equations 

Tabaating the ~ ~ r ? d i + ; i ~ ~ ~ l  eqlw$inn_s a and_ @ in vertical ~o1-s: 

id )  and forming tine normal equations in cfie u ~ i m i  m e r  



whereby the roots of the normal equations =e 

( e )  Substituting theue k l s  back in to  ( c )  the correlate  equations, the 

where: 
' I1 + ,/CCWI 2 1 4 meeo = = y 7 I .  wV 

v4 = - .563 

v, = -1.088 n = number measurements = 8 
3 - - L ~ E  

v6 - - . wV/ IJ r?lmher nf' i~nknnm-s required 
for  unique solution = 4 

= -1.042 

= - .313 

which when added t o  the observed angles r e su l t  i n  the f i n d  adjusted 

value0 (see ( a ) ) .  

COMPUTATION OF Q U A D R I W  AED 

Using adjusted angles of quadri la teral  ABCD and assuming 

v 
.I.Vw inn . nnnn wwVw 

270' 00' 00': 00 

Length CD (measured) = 6 .5977 m 

the lengths and azimuths between quadri la teral  s ta t ions ABC and D and the 

B- coor6inates of tne  f,uii ~ t a t i ~ n i i i  mi;e 



Station Length Azimuth 
f m m - ~  --- \ ! t l  
[me~erm 0 

AD 7.22566 359 39 51.26 
n a L L l r  zn  mi O. uI12V 89 52 58.85 

Stat ion X Y 
( ~ e t e r s )  ( ~ e t e r s )  

A 92 7'745 100.0423 

* measured 
H ase-med 

Part Bt Adjuetment of the four directions to a control ?dint. 

A8 an example control point No. 9 of 3rd March quadrilateral will be adjusted. 



Because of the  e r ro r s  i n  d i rec t ions  A-9, B-9, C-9 and D-9, these 

4 l i n e s  w i l l  not i n t e r s ec t  a t  a common point  and must therefore  be 

adjusted. An adjustment will be made so t h a t  the  sum of the  squares of 

the  corrections t o  these 4 di rec t ions  w i l l  be a minimum. The correct ions  

contributed by these  4 corrected d i rec t ions  t o  the  XY coordinates of the  

control  point  w i l l  a i s o  be computed. 

The f~mla== ueed in this a&Juetment %re nimilnr to the one8 developed 

i n  Reference ( 3 )  . 
T a+ Y G U  

x, y = t r u e  coordinates 

(x),  (y) = approximate coordinates (any reasonable value may be chosen; 

however,the b e t t e r  t he  approximations a r e  t h e  l e s s  w i l l  be t he  number of 

I t e r a t i ons  required. The i t e r a t i o n s  should be repeated u n t i l  the  v ' s  

become s tab i l i zed)  

, y -  a g r r e c t i o z g  to th2 ass-me& aoorfiinatea 

then 

x = (x )  + 4c 
v r $ Av 
J \ J /  . - J  

Let 

= adjusted d i rec t ion  

( 8 )  = ~pproximate direct ion 

a = measured d i rec t ion  

v = correct ion t o  measured di rect ion 

then 

Using t he  c l a s s i c a l  formula 

where 9' = distance from t h e  s t a t i on  t o  t h e  con t ro l  point  before adjustment, 



and letting 

a = -sin ( @ )  
and b = Cot3 (# j  

so 
P P 

so 

This expression is the observation equation for a direction. 



ADJUSTMENT OF CONTROL POINT NO. 9 ( 3 MARCH QUADRIM-) 

Station A 

Observed Angle Adjusted AZ or Azimuth 
Back AZ 

BA9 63'43' 291' AB 269' 52' 581:85 A-9 333' 36' 2{:85 

Mean A-9 333' 36' 27:127 

Station B 

Station C 

B C ~  53002' 511' cB 1790 46' 2C71 c-g 126' 43' 29':'p 

Mean C -9 126' 43' 3;:k7 

Station D 

Mean D-9 205' 46' 491:73 



($1 = $0' - tan-' Ay - 333' sf 27':?? 
cos (@) .89577209 

ZG - 1. 1. \ -- 
sin ( 6 j - . 4 4 4 2 ~ x 2  

(#) = l€K? - t an  
-1 &y 

4pc 
= 205' 46' d : 6 0  

cos i f !  - .59797932 
RAI c i i  ~:;r gin . W U , ~ ~ ~ ,  



Observation Equations 

Normal Equations 



m.e. = - + I/zCwl n-u = 2':76 

+ - 2.76 + 
m.e. doc = .r = - .0551mm; x = (x )  + &c = 96.38155 m 

A complete tabulation of r e s u l t s  i s  given i n  Tables 7 t o  10. 

Summary 

The frequency of p i t  ca l ib ra t ions  depends on whether or  not the  

r e l a t i ve  changes i n  the  posit ions of the  control  points  a r e  large enough t o  

a f f ec t  the  camera or ientat ions .  However, the  care  with which a p i t  c a l i -  

bration i s  made i s  the  control l ing fac tor .  Table 11 shows the  r e s u l t s  of 

RC-7 camera or ientat ions  using coordinates of a recent p i t  ca l ib ra t ion  

. (6  ~ a y )  a s  opposed t o  a p i t  ca l ib ra t ion  made several  months e a r l i e r  ( 3   arch). 

It i s  noted t h a t  t he  smaller mean e r rors  fo r  the  RC-'7 camera or ientat ion 

r e s u l t  when using the  coordinates obtained from the older cal ibrat ion 

(4.9 C 8.7 and 5.9 L8.4) .  The res idual  e r rors  fo r  each control  point  are 

plo t ted  i n  Fig. 6 fo r  the  7 May or ientat ions .  The so l id  and broken arrows 

indicate  t he  e r ro r s  i n  the  p l a t e  measurements resu l t ing  from the e r rors  

in t he  3 March and 6 May p i t  cal ibrat ions .  

Results  of numerous p i t  ca l ib ra t ions  indicated t h a t  the  posit ions of 

the  25 control  points could be determined within 0.2mm, with a somewhat 

be t t e r  value fo r  the  two points used t o  es tabl ieh the  gun center-l ine.  

Quadrilateral  observations with mean e r rors  of a single angle l e s s  than 2 

aeconds of arc  and control  point observations with mean e r rors  of a single 

di rect ion l e s s  than 5 seconds of arc w i l l  assure t h i s  0.- accuracy. A 

normal amount of care while maklng the  f i e l d  observations w i l l  produce 

r e s u l t s  within these limits. It i s  important t h a t  both the  quadri la tera l  

and control  point  observations a r e  within these l i m i t s  since a relaxation 

of e i t he r  one d i r ec t l y  a f f e c t s  the  f l n a l  control  point coordinates. 
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FIG. 6- RESIDUAL ERRORS OF RC-7 ORIENTATIONS OVER CALIBRATION P I T  



3 RC -7 CAMERA 
(Airborne Photogrammetric camera) 

3.1 Description and Function 

The wild RC-? aerial Camera @in, 7 )  ; an automatic pln te  changing ty;se 
cmera desimed principaiiy for mPping pwpoBeE, was to deternine 

t he  d i rec t ion  i q  which t he  gun was pointing a t  the  moment it was f i r e d .  

Two interchangeable types of cones were avai lable ,  a  60' cone ( ~ v i o t a r  

1/4.2 t o  i/16) vith a faaal lei;gtX of 17-, a  GO cone ( ~ v i o g ~ i i  i/ j .6 
t o  f/16) with a foca l  length of 10Omm. The p l a t e  s i z e  i s  15 x 15cm with a 

f i e l d  of 14 x 14cm. A l l  missions were run using the  wide angle Aviogon a t  

r 1 s . h  ~ i t h  eh-,,tter gpeed cf g~,,ro(,tely 1 , / 1 m ~  pe aldgi~n 
' I  4'' 

type used was Eastman Kodak spectroscopic 103F. A specia l ly  designed l ens  

was temporarily at tached t o  the  RC-7 camera t o  accommodate the  short  distances 

encountered when photogra~hing the control points in t h e  calibration sit, 

Distor t ion corrections fo r  t h i s  l en s  were taken i n t o  account fo r  the  RC-7 
camera p i t  or ienta t ions .  

- - a  - - LI- - - - 1 .#I--- L 1 -- L - -  I L  - 1 -- ---- 61 
J J L U - L I ~ ~  m e  casluruGlun, wnen r*ne alrcraIr* w a s  positioned over tine 

ca l ib ra t ion  p i t ,  a  gun rod was temporarily inse r ted  i n t o  the  gun ba r r e l  

and i t s  d i rec t ion  was then determined by theodol i te  observations on the  two 
nnn+r*nl nnln+n m ~ . * * n C a d  - +LA - -4  m rrP 4.L- rrrrd J J La.-.- LL- 
~ V A I V I  VI ~ U L U U C J  WUAI~=LI ull ul1G -AD "I b11C L-VU.  ULLL.lll6 ~IAIB b-t; bLAC Ec-7 
camera o r ien ta t ion  was determined by photographing the  25 control  points  

i n  the  ca l ib ra t ion  p i t  ( ~ i g .  4 ) .  The r e l a t i on  between t he  di rect ion of t he  

gin =nd the ~rientati~n of RC-7 cmera obtained in t he  calibratign,  ie 

assumed to  remain constant during a misoion. The di rect ion of the  gun a t  

t he  moment of f i r i n g  can then be determined from the  or ienta t ion of the  

camera obtained from t h e  photographed range control  points ( ~ i g .  8). 

3.2 Comparator Code 

~ i i I i C - 7  p i a t e  measurements were corrected by a code, re fe r red  t o  a6 

Comparator code, which was programmed f o r  the  ORDVAC computer. Included in 

t h i s  code are means t o  

(a) correct  any systematic comparator e r ro r s  



Fig.  7 F,C-7 Aeria l  Caaera 
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FIG. 8- RANGE CONTROL POINTS 



(b) . . form arithmetic averages for multiple settings and if desired 

cc=:pdte wight fect~rs  f r z  the rprrrlnm i!iscrepancies prese~t ifi p e ~ h  g e t  

of measurement s . 
(c) reduce all plate measurements to an origin as defined by the 

in+.ernectinn of' tun line@ Jnil.r_.ing the twa pairs  of opposite Piducial marks, 

(d) rotate the comparator system until it is parallel to any chosen 

set of fiducial marks. 

(e? shift, if x and Y- are known, the origin to the principal point. 
P P 

( f) apply lens distortion corrections. 

The distortion curve used for RC-7 reductions over the range La 
x 

A = + .00020072353r - .022916862r2 - 17.634933rr + 2320. 3k73r7 
C I .  uistortion is positive from the center of t'ne piate outward. 

T&le 1-2 giveg a +,&ifiatio~ ~f the cszpwa+,or code in==$ C Q ~  outp~t 

vdues for the RC-7' camera over the range for 21 March ~ 2 / ~ 1 .  

RC-'7 camera orientation reductions were made using equal weights for 

both the plate =?eaeluraents and the control. pointe. E q ~ a l  ~ei~lting is 

justified if we assume the mean error of a single piate measurement to be 
+ - 5.0 microns and the positione of the control points in the calibration pit 

+ + 
rnnge knrrw. t n  - 0 . 2 5 ~  %cd - 5Oi&rn re~gectively The foll~vi-nrg 

tabulation (~ables 13 and 14) gives the output from the camera orientation 

code8 of the RC-7 camera over the calibration pit and the Range. These 

results show the residuals of the plate measurement8 and control points a8 
~ k C c . 4  ..#.A I... em....? .. ..a -LA.*-- uuuarrrcu uy =qua& w c r ~ r u ~ r r ~ .  

3.3 . 1 RC -7 Camera Orientation Elementia 
The analytical treatment of the orlentation of a photopammetric 

camera which has been applied in the present regart i a  given in detail in 

an ewlier report. (4) 



The orientation parameters a, w, K , obtained from the  RC-7 camera 

records i n  f l i g h t s  over the Range, are  required t o  determine the gun 

direction. These or ientat ion elements may be determined by enforcing and 

computing di f fe ren t  combinations of the remaining six elements of orien- 

ta t ion .  It i s  necessary, i f  ve r t i ca l  photography is being reduced, t o  

enforce Zo, i f  c i s  t o  be computed. I f  x and y a re  t o  be computed, 
P P 

Xo and yo, respectively, must be enforced. 

RC-7 camera orientations over the  range were f i r s t  determined by 

enforcing c,  x and yp and computing a, cu, K , Xo, Yo and Z ( fo r  r e su l t s  
P' 0 

of these orientations see Table 15) .  Later, when the Askanla reductions 

were made, a systematic discrepancy was noted between the posit ion of the  

RC-7 camera a s  determined by the above described method, and the position 

of the RC-7 camera as  determined by the two ground-based Askanis cameraa, 

which t r iangulate  the RC-7 posit ion using stars a s  control points. A 

discussion of t h i s  discrepancy is given in section 3.4 of t h i s  report .  

Because the three elements of i n t e r io r  orientation of the Askania cameras 

are determined simultaneously with t he  tr iangulation results, it wae decided 

that the RC-7 camera orientations should be determined by enforcing the 

three coordinates Xo Yo Zo a s  tr iangulated by the two Askania cameras. 

Thus the remaining six elements c, x , y , a, u, and K were computed 
P P 

 a able 16).  

L i t t l e  difference ex i s t s  between the  f i n a l  values of a, u, K , i n  

Tables 15 and 16, regardless of what orientation elements are enforced or  

computed and e i the r  s e t  of r e su l t s  could be used t o  sa t i s fy  the requirements 

for the gun direction. Table 17 is a tabulation, of RC-7 orientation results 

w e r  the  cal ibrat ion p i t .  

3.3.2 The orientation elements of the RC-7 camera comprise the elements 

of in te r ior  and of exter ior  orientation. 

(a) The three elements of i n t e r io r  orientation are 

c, the pr incipal  distance of the RC-'7 camera, taken a s  the value 
given hUy m-&'a~b;r=r . 



x and y , the coordinates of the principal point, taken as 
P P 

the intersection of the two l ines  between opposite pairs  of f iducial  

marks, consequently x = 0 and y = 0.  
P P 

The elements of in ter ior  orientation should be determined by making 

an RC-7 cone calibration, taking s t a r  photographs. Such calibrations 

were not made fo r  t h i s  project. Possible errors  thus introduced into 

the elements of exterior orientation are discussed l a t e r  in t h i s  report. 

(b) The six elements of exterior orientation are 

a,-@, K ,  the three rotat ional  elements which must be computed. 

Xo, Y , Z , the coordinates of the  camera center of projection. 
0 0 

3.4 RC-7 and Askania Comparisons 

The three orientation elements ( x ~  Yo z ~ )  fo r  the RC-7 camera can be 

determined by two independent methods 

(1) Method of resection, by use of the RC-'7 camera (4,5) 

The two methods should produce compatible resul t s  . Table 18 is a tabulation 

of r e su l t s  from several missions showing differences obtained by the two 

methods. The two values tabulated i n  columns (1) and (2)  a re  the  differences 
4 -  &LA V rrrrd V n r r m A - t  m n + a a  mhfi A q r m l q l e a  + . a h r q l  n+.aA nr\lrlmrrn ( 3 )  - 

b&&C &klu A C i U U A U A I A C L U G D  A A V U  v - u k u  v u u - u u u u  & rv-uvvru 

0 0 \ / ! I  

(4), ( 5 )  and (6)  a re  differences i n  height. Column (3) shows the difference 

between the two methods before refraction corrections are  made, column (4) 
nhnvn +.he r ~ ~ f ' r ~ t . l ~ n  correction; to he applied t o  the ground-based Askania 
1.1-..- - --- - ---- - -- - -- ----- 
cameras, column (5) shows the average refraction correction, t o  be applied 

t o  the  airborne RC-7 c'amera, and column (6) shows the remaining difference 

in height a s  obtained by the two methods, 



These differences could be a t t r i bu t ed  to:  

( 1 )  Errors i n  the  absolute posi t ions  of the  two Askania cameras. 

(2) Errors  i n  t he  absolute posi t ions  of the  range t a rge t s ,  which 

were used t o  es tab l i sh  t he  RC-7 camera or ientat ions .  

(3)  Errors  i n  t he  p l a t e  measurements. Check runs  a able 18), were 

made by remeasuring the  Askania and RC-7 camera p l a t e s  and computing the  

XYZ coordinates from t h i s  new s e t  of p l a t e  measurements. The differences 

between the two s e t s  of r e su i t s ,  which a r e  due t o  e r rors  in the  plate  

measurements, indicate  t he  reproducibi l i ty  of the  Askania and RC-7 com- 

parisons. These r e s u l t s  indicate  t h a t  the e r rors  in measuring t h e  Askania 

and RC-7 camera p l a t e s  produce differences i n  t h e  X and Y coordinates of 

approximately two meters and differences i n  t h e  Z coordinates of approxi- 

mately one meter, corresponblng t o  res iduals  i n  terms of the  p l a t e  measure- 
meni;e of seven microns . 

Table 15 i s  a tabulat ion of RC-7 camera or ientat ion r e s u l t s  fo r  

runs taken over t n e  Range. These results were obtained by enforcing elements 

C ,  x_, ym and computing elements a, co, K , Xo, Yo, Zo. The average mean 
Y r  

error of the p l a t e  measurements f o r  t he  RC-7 camera over the  Range i s  
+ 

approximately -- 2.1 microns. The mean e r ro r s  f o r  the Xo Yo and Zo orien- 

t a t i on  elements a r e  seen t o  be well  within the  2.0 and 1.0 m differences 

that were obtained by the check runs. 

(4) Errors  i n  the  i n t e r i o r  elements of or ienta t ion of the  RC-7 camera 

Reference ( 5 ) .  These are to be expected because the  RC-7 camera was not 

calibrated. 

(a) Errors i n  the  values of x and y d i r e c t l y  a f f ec t  Xo and Yo. 
P P 

An average e r ror  i n  x and Yo of approxinately 5.0 m (Table 18), would be 
0 

explained by an e r ror  Fn x and yp of 50 microns. 
P 

The actual differences between & and nd? values, as can be seen 

from Table 18, have a range of approxiaately 12 m. This range of values 

is  probably due t o  d i f fe ren t  posi t ions  occupied by the  RC-7 p la tes  when 



pressed onto the  frame of t he  l ens  cone. This lack of exact poslt ionlng 

seems t o  be demonstrated by missions flown on the  10th and 11th of April  

 able 18), when two consecutive photographs were taken &zing  one pass. 

Disregarding the  e r rors  involved i n  the  p l a t e  measurements, tine differences 

between the  & I s  and AY's, regardless of t h e i r  numerical values should 

agree, because only another R C - 7  p l a t e  was introduced i n to  the  system. The 

f a i l u r e  of the  p la tes  t o  occupy i den t i ca l  posi t ions  when pressed onto t he  

frame of the  l ens  cone. 

(b )  Errors  i n  the  foca l  length of the  RC-7 camera d i r ec t l y  

a f f e c t  Zo. F ina l  d i f ferences  between t he  two methods a r e  tabula ted i n  
--.I---- f L - - 1  1R A 2 4  4 ' 4 ' - - - - ~ n r n ' * ' ~ - ~  - ~ n w 7 r r  finnn+nn+ n-nqqn4-4mm 
C u l W l  \ U) U I  XUUAt: I U  . Li lCDC U I I  I C L  C11GCDf aL G 11CCL.A AJ \jU11D UCWI L,) C Y U U L L I A U & A A ~  

t o  approximately three  meters. 

3.5 Refraction 

Refraction correct ions  were made using formulas based on t he  assumption 

a fiat emcfi i i E A  stai&ai&-a~osp~ei;e WL- J.-Llt: a IuL-llluIe%a ---. T a m  -.-A U D C u  2 a-L-c ---(7) 

% co t  

a cot  
V 

where 4 

RE1 = re f rac t ion  e r ro r  i n  radians f o r  the  a i r  s t a t i on  

a. = .0002762 ' 

Y = vertical distance between ground and a i r  s t a t i ons  in meters 



Refraction corrections should be applied simultaneously with the  

t r iangulat ion computations. The corresponding rigorous t r e a h e n t  i s  

developed i n  another report .  (8) The presented r e s u l t s  d i f f e r  ins ign i f ican t ly  

from the rigorous approach. 

In t he  case of t he  Askania r e s u l t s  t he  lack of in tersect ion between 

corresponding rays includes refraction influences. These discrepancies 

were adjusted by a l e a s t  squares solution a s  though they were caused only 

by measuring e r rors .  The re f rac t ion  corrections were then computed f o r  

each of t he  two Askanias; designated P i  C and P i  D,  i n  columns (1)  and (2), 

Table 19. The difference between the  two heights (column ( 3 ) )  indicates  

t h a t  a b i a s  was introduced by t h i s  approximation method. ' A mean value 

(column (4 ) )  was used a s  the  correction t o  be applied t o  the  t r iangulated 

heights . 
In the case of the RC-7 camera, a refractive height correction was . 

computed a s  an average value obtained f o r  the  d i f fe ren t  range t a rge t s  Prom 

several  missions. 

3.6 Reduction of G u n  Direction 

The direction of the gun axis  a t  the  moment the  gun i s  f i r e d  was 

determined by the  following method, which was coded fo r  the  ORDVAc*. 

(a) The or ientat ion of the  RC-7 camera over the  ca l ib ra t ion  p i t  is 

determined using an a rb i t r a ry  +X direct ion fo r  the  p l a t e  coordinates system 

( 2 ( d ) ) .  The same +X di rec t ion  must be chosen fo r  RC-7 p la tes  taken over 
- - - - A  L J A ~ D O A U A - - ~  w . 4 . C I . L  rrfia*s~+ + A  +ka 
LUC: ruuuc. L - u ~ u  La rlcr;t=~aru-y G a~ly l u ~ ~ c r  cl~r;c W L U L A  r c m y c r ;  r, r,u WAG 

orientat ion of the  p l a t e  coordinate system during the  process of measuring 

the pla tes  would lead t o  a difference i n  the  or ientat ion element I( , and 

influence the gun direct ion.  

* 
As Input, t h e  coordinate differences of the two control  points on the gun 
rod and the elements of or ienta t ion from the RC-7 camera reductione, as 
& - a  ---A- &L- m a 1  JL-AC~AI .  4 * - . L . ~ L .  ..awa q q m e d  uu~arucu u y c r -  u r ;a rAurauruu  yr r, ~ J A U  r a r r b ~ )  w c r c  UDGU. 



(b)  From the r e su l t s  of the cal ibrat ion p i t  survey, the differences 

i n  the XYZ coordinates of the two control points simulating the  gun axis  

a r e  computed ( ~ i g .  9 )  where O and R are t h e  upper a id  lover control points 

respectively. 

(x), = (5 - xo) 
/v \  , I  / V  \&* - y o )  !1! 

(z), = (% - zo) 

( c )  Shif t ing the direct ion of the gun pa ra l l e l  t o  i t s e l f ,  i n t o  tne 

center of projection of the RC-7 camera a s  obtained over the cal ibrat ion 

p i t ,  a s e t  of pseudo p la te  coordinates x and yg a re  computed by means of 
43 

formula (12) of Reference (8). 
(2) 

(d) The orientation of the RC-7 camera over the range i s  determined 

using the  same X direction for the p la te  coordinate system a s  described 
LI  \ in j .u \a ) .  

( e )  Using the s e t  of pseudo p la t e  coordinates x and yg from 3.6(c) 
43 

the Re-7 cmera orientat ion over the range from 3.6(d) staa-d 

coordinates 5 and 7 are  computed by means of formuia jiij of Reference (8 1 
and Fig. 9, t h i s  report .  

( 3 )  

(f) F r a  the computed values of 5 and 9 the  direction of the gun 

over the  range is determined by the following formidas: 

tan A = 2- 
t an  v = r 

t: 
tans=+ = tan v cos A 

where r .: +l or -1, depending on geometry, 



FIG. 9 
40 



3.7 An example of the computations, determining the gun direction for Vne 

21 March ~ 1 1 ~ 2  firing follows: 

(a) The orientation elements for the RC-7 camera over the calibration 
p i t  are  able 17) 

(b) using formula (1) and referring'to Table 6 

(c)  From formulas (12) and (13) of reference (8) the pseudo plate 
coordinates are 

where q = (x)# + ( Y ) ~ E  + (z)~F - + .85224589, 
and - cos a cos K + sin a s in  o ein K + .71299ij 

- COB cu'~in K - + a I .7008482 
g k  C Q ~  K + E , Q ~ - G  a n  g m + ,0213592 

- sw ,a sb iii mnnenln  1, - 00s a sin K - . ( ~ 7 y y c t  

00s o oop K = + .7133103 
rin a ein K - cos a s i n  o coe K = + .0219570 



L -  --- ,qaT.*n+qnm nAnjn',a. wnere A, -r;o p- are ~ D I J C I I ~ L C L A I J  ULA =L W L V A A  u v v A r r v v g  

(d) The orientation elements for the RC-7 camera over the range are 

 able 16) 
c = .1005$ m 

x = - .000100 m 
P 

= + .000097 m 
Y~ 
a = 197.819 grads 

o = - -159 grads 

K = - 53.159 grads 

( a )  ---- P-rum '----1-- L U L - U U ~ O  :, f AA 1 1  1 1 a r u  (1 x\  sf r e fceme  (8) the etandard coordinate8 

of 5 and 7 corresponding to the range coordinate system are 

r - 1 r - " \ A  + n i l  r p g  l T \ ~  - J  jn o r -  €3,  P by = + .0259460 
Q 

where Q = (xg - xp) C1 + (yg - y )C + CF =-.10056317 and r = - 1, and 
P 2  

from 3.7(c) 

(f) Ueing the computed values of and 9, the direction of the gun 

a t  the m c n t  of firing, referred t o  the range coordinate system, l a  given 
.?I a\ \ 

by (3.0(1)) 

 tan^ = - . ~ 9 1 0 8 9  
znn 1igz A .; + ~ y c . - r > >  

- a A a  
CS1 -ta 

tan v = - .0261294 

v = +198.337 grads 



or 

tan  a = - .0259460 

a = + 198.349 grads 

 tan^ = - .0030894 

u, = + 399.803 g a d s  

The results of the hand computed example above may differ s l igh t ly  from 

the  r e su l t s  obtained from the electronic computer because of the  smaller 

number of d i g i t s  carr ied.  The r e su l t s  of all f i r i ngs  a re  shown i n  Table 20 

and a lso  in Table 27. 

3.8 Accuracy of Gun Center L i n e  a t  the  Moment of F i r ing  

Factors affect ing the  accuracy with which the gun direct ion at the 

moaent of f i r i ng  c=n he dete-mined are 

(a) maintaining relat ionship between gun bar re l  and RC-7 camera 

(b) measuring direct ion of gun over cal ibrat ion p i t  

(c) determining the direction of RC-7 over the  cal ibrat ion g i t  

(d)  determining the  direct ion of RC-7 over the  range 

( a )  A post-calibration was attempted f o r  the purpose of determining 

any r e l a t ive  differences between the gun center l i n e  and RC-7 camera before 

and after a mis8ion. However, because of movements i n  the a i r c r a f t  

probably due t o  heat caused by i t s  operation, paintings with the  T-2 theodo- 

l i t e s  could not be made on the  gun rod. If a check on t h i s  re la t ionship 

i s  desired, the theodolites could be replaced by phototheodolites, f o r  

example the  Wild Phototheodolite, which i s  a combination of a T-2 theodo- 

l i t e  and camera ca r r i e r .  Records could then be obtained by exposures 

taken simultaneously with the phototheodolites and the FiC-7 camera. 

(b)  The e r ror  i n  the direct ion of the gun over the cal ibrat ion p i t  

i s  a result of e r rors  in the X and Y coordinates of control point8 Nos. 26 
and 27, which in turn w e  due to errors in the horizontal angles turned 
*am atations A 



A----a4-- t= methy~fi 1?.2,4(C) nart B i  a eet  of observational ~ L G U A  U L U ~  \ I r- 

equations and corresponding n o d  equations can be es ta 'o i i~hed  f ~ r  the  

intersection of points Nos. 26 and 27. 

The diagonal terms of the inverse of the resulting n o m i  eqmtian 
system, denoted by R and give the weighting factors  for  the x and y 

cooranate=, and their meem errors are obtained by 

where m denotes the  mean e r ro r  of a single observation of uni t  weight 

Applying t h i s  method t o  the intersection of point No. 26, we have 

f V m n - A l m a + a e  
buur u u o  u ~ o  X Y 

Station A 92.8 1 i E . G  

Station D 100 . 0 100 . 0 

A n n  v a l r l p n  Qfip m r r + - e  V-YW- 

point NO. 26 

The observational equat.ion8 are  

and the inverse of the corresponding n o d  equations i e  
1 

+ where m was aseumed t o  be - 2" of arc. 



Control point N o .  27 is  approximately below point ZG. 26; therefore, 

the  mean er rors  for  control points Nos. 26 and 27 w i l l  be the same. Com- 

bining the mean er rors  of control points Nos. 26 and 27, the  mean er ror  of 
the -ect i~a  of t& gLiIi in +LA V A 4 -A-+d A- 4 rn 

bLlC A U I A  GG U A U U  AD 

and i n  the Y direct ion 

where d = 0.852 meters, the distance between control points Nos. 26 and 27. 

1 -  ml- -------A --..-A- .I- + ~ 4 ~ n a + l n n  n~ +ha D rmmmdvrm A\~P- +ha \ C; ) LUc: U y  F;r-U&c cr-r-ur AJA u ulr G+ VAVLI V A  VUG - 1 - A  a w I r r  uuv 

cal ibrat ion p i t  i s   able 17) 

= ~ U W  nnng 26" 9 IU a  - CL- uuc A v u ~ r - c ~  1 4  ---+a r r r v r r  

cu = . 0 0 6 ~  = 19", I n  the  Y direct ion 

3 rnL- ------,, a ,  A -  l a - A I & . I  A- + atl-rl an-awn /rqrsn +ha \a) xl'ne u v e r q e  u LU but: urr-cc uruu UL u A 1 G G  UVGA u u c  

range is  a able 16) 

a = e005~ = 1611, i n  the X direction 

cu = .005' = 16", i n  the Y direction 

C m u b g  the errors due to (b), and (d) the error of the gun center 

l i ne  in the  X and Y direct ion is  expreesed w i t h  s f i c i e n t  acouracy by 

er ror  x 2 1 - d  1 . A  112 = % I t ,  d i r  = L(L0) t ( L O )  + (IU) J 

er ror  ydir = G(i7)*,+ (19)2 + (16)~] ' I2  = x)" 



4. ASKANIACAMERAS 
 r round Based Photogram,metric cameras) 

4.1 Description and Function 

The Aakania camera ( ~ i g .  l o ) ,  a phototheodolite designed primarily for  

the  determination of t ra jec tor ies ,  was used t o  determine the following 

quantit ies:  

(1) Space coordinates of the  a i r c r a f t  a t  the moment of f i r i n g  

(2) Space coordinates of the  burst of the pro jec t i le  

(3 )  Velocity of the  a i r c r a f t  

Two phototheodolites, a t  s ta t ions  P i  C and P i  D, were used. 

The Askania camera i s  equipped with a 24' cone, r e l a t ive  aperture 

variable from f /5  . 5 to ~ 1 6 4 ,  a focal  length of approximately 37Qlan and a 

plate s ize  of 13 x 18cm. kll missions were run using an aperture of f15.5 

and Eastman Kodak 103F emulsion. 

4.2 Coordinates of the Askania Cameras 

The geographic posit ions of the two Askania cameras and the Range 

l i g h t s  serving as control  points fo r  the  RC-'7 camera, were determined by 

survey t i e s  from United States  Coaet and Geodetic Survey triangulation 
ha-" -- A....- 
ucrl L-GUUCCD to a rec+agdhw coordinate ~ y s t a  t he  A=kSEi= 

camera s ta t ions  and the  Range l i g h t s  a r e  compatible. However, because 

of the possible systematic orientation error  i n  the U.S.C. and G.S. 

triangulation stat ions,  the flashes as triangulated by the groundabased 

Askania cameras and the r e su l t s  obtained by the RC-7 camera may not be 

compatible. A suggested solution is  t o  use three ground based cameras 
1 1  - --  &I- --&La r u r r u x t ~ g  b r r s  I U ~ ~ I A U ~  of reduction as outlined in reference (g), 

4 . 3  Coordinate Tranef omation 

An XYZ rectangular coordinate system, using Range s ta t ion  M17) as t h e  

origin, wae eet  up for  t h e  Range ta rge t  light8 and the  two Aekania camerae 
(10). aefol lowe , 

11 + X, increaeing i n  the direction of flight, a t  an angle of 56' 56' 41 
measured clockwise froan the south 



Fig.  10 Askania Phototheodolite 



+ Y, 90' clockwise from + X 

+ 2, measured posi t ive upwards from a plane tangent t o  the reference 

e l l ipso id  a t  s ta t ion  M I D  

The values to be used i n  connection with Reference (10) a re  

A tabulation of input (@, X, H )  and output (ICYZ) is given i n  Tables 

21 and 22. 

4.4 Askania Camera Orientations. ( 4 )  

The abeolute or ientat ions of the Askania cameras were obtained by 

ueing s t a re  as control points ( ~ i g .  11). 

These control points are given in t he  form of Standard Coordinates 

(6 q), which are obtained from t h e i r  apparent posit ions (RA, 6 )  at  the mean 

time of the observation by the equations on page 15, Reference (9):  

+ b (north) = - tan z COB A 
r 

+(I (east)  = - tan zr e i n A  

+ Z = + 1.0 (un i t )  

COB = sin 6 s in  @ + coa 8 cos fd coe t 
s in  z coe A = - s in  6 coe $ + cos 8 sin jd cos t 
s in  z s in  A = cos 8 s in  t 

z = zenith distance of the star 

= geographic l a t i tude  of the camere station 



'ine =krs --=ked 'uy "--i cipcies, '"- "-I--"-- --'"'-3 "--- A"- -'---"A 
L I l e  J. LUSIleS CIIlL b LCU J. L - U U  L L l e  U L L ~ C L - U J .  b 

during the mission by the  l a rge  oval shaped f igu re ,  and t h e  p ro jec t i l e  bu r s t  i s  
marked by a small c i r c l e .  The small c i r c l e  inside the  la rge  oval shaped f igu re  
contains the  RC-7 f l a s h  t h a t  occurs near the time a t  which the gun was f i r ed .  



6 = declination of the  star 

t = hour angle of the  star 

A = azimuth of the star, measured clockwise 

from south 

and subscript r indicates t h a t  the  zenith distance has been corrected fo r  

astronomical refract ion.  

The nine orientation elements of each Askania camera a re  similar t o  

the ones described under the  RC-7 camera or ientat ion elements, the  three 

coordinates of the  Askania camera center of projection ( x ~ Y ~ z ~ )  a re  the 

center of the  un i t  sphere and the remaining six orientation elements (a, cu, 
K ,  c ,  x , yp) a re  computed. 

P 
The number of absolute control points ( s t a r s )  required fo r  a unique 

'eolution is  three,  however, i n  most cases from 8 t o  15 stars were chosen. 

Tables 23 and 24 give tabulations of the number of stars used, the six 

computed or ientat ion elements and the corresponding mean er rors  fo r  the 

Askania camera or ientat ion reductions. 

4.5 Triangulation of Flashes and Burst 

( a )  The two Askania cameras were located a t  the  ends of an 11-km 

baseline which was approximately perpendicular t o  the direction of f l i g h t  

of the  a i r c r a f t .  The cameras were pointed approximately 30 degrees down- 

range from each other and a t  elevation angles of approximately 56 degrees. 
A s  the  a i r c r a f t  flew between the two Askanias, a pre-established sequence 

4 

of flashee wae emitted consisting of 10 p r e - s w e y  f lashes  (NOS. 1 t o  lo), 

an RC-7 f laeh (NO. ll), a re se t  f lash  (NO. 12) and 10 post-survey flashes 

(NOS. 1 3  t o  22) . The 10 post-survey flashes served a s  the  pre-survey 

flashes fo r  the  next roufia f i r ed .  

The f lashes  and burst  were observed by photoelectric c e l l s  and recorded 

on the ground against a time base. In  most cases f lash  No. 11 was the first 

f lash  t o  be picked up. Table 25 gives a tabulation of actual  times referred 

. to  an a rb i t ra ry  zero time, 



Because of the  extreme brightness of the  burs t ,  a large image 

appeared on the  p la te .  I n  order t o  increaee the  accuracy of identifying 

the  center of the  burs t  a d i f f rac t ion  e f f ec t  was produced by placing a 

f i ne  mesh screen i n  f ront  of the  Askania lens .  Accurate se t t ings  could 

then be made by using the  resu l t ing  cross-shaped pat tern  ( ~ i g .  ll). 

(b) A computed example of the  t r iangulat ion of the  RC-7 f l a sh  f'rom 

pi C and D Aakania cameras for 7 May M1/P1 follows 

The absolute or ientat ion of each camera is obtained from stars photo- 

graphed on the same plate w i t h  the flash pinte ( ~ i ~ .  n) . mL- 1 ULL-CLbAUII  fi ---" n- nP UL 

each individual f l a sh  point  can therefore be determined and t r iangulat ion 

can proceed according t o  the methods outl ined i n  Reference (6 ) .  

The length of the  base l i n e  (about 11,000 m) necessi ta tes  the  use of 

either a spherical or  el l ipsoidal  rectangular system when t r iangulat ing t he  

f lashes  since the  absolute or ientat ion of each camera refera t o  the  local 

zenith. Both of these methods a re  somewhat longer than the  simpler solution 

in the Cartesian system used l a t e r  fo r  the  veloci ty  camerae. It is, however, 

possible to apply a transformation to the  constants A , " A r( 

1 Dl, C1' f ig ,  B*, U2' 

Dl, El, F1 which w i l l  enable the  t r iangulat ion t o  be car r ied  out i n  t h e  

Cartesian system. 

In Appendix C Reference (ll), it i s  pointed out t h a t  the  nine constants 

derived f r o m  the or ienta t ion are ac tua l ly  the  direct ion cosines of one 

orthogonal system with respect  t o  another. More precisely,  these are the  

direct ion cosines of the  $ - xp, 1 - , coordinate system with respect  -- Y Y~ 
t o  an XYZ system i n  which the  X-axis i s  posi t ive  toward the  north, the  Y-axis 

i s  posi t ive  toward the  ea s t  and the  Z-axis i s  posi t ive  i n  the  direct ion 

away from the  center of the  ear th .  It i s  therefore  possible t o  make a t rans-  

formation of the  coordinates of one camera t o  a system p a r a l l e l  with t he  

system of the  second camera. 

A l o c a l  Cartesian system was s e t  up, see ( 4 . 3 ) ,  i n  which t he  coordinate8 

of the  f l a s h  point  are t o  be expressed. Hence, a transformation may be s e t  

up f o r  each s t a t i on  by which the  or ientat ion elements of t he  two Aekaniae 

are reducedto  the  local Cartesian eyetern. Thie transformation may be con- 

veniently wri t ten by mean8 of the  method outlined i n  Sec. 6 of Reference (11). 



T.. = U 



,A, 
I' 

If ri = vo Ri Jli , we have: 

L e t  A be the transformation due to the rotation of the  XY-phe i n  

azimuth, Then 

r COB A sin A 01 .5k344791 - .83814472 01 

-. I s i n  A COB A o I = 1 .83814472 - .54W791 0 ( 
* =  L 0 O 11 L 0 0 11 

, And finally the complete transformation A ri is: 

The following values of a, co, K , c, xn, ym were derived from the 
r r  

on+a+.l nna of the 2 camera8 (~abzeg  2 J 24) : v* *un uw w-w*-w 

Pi C Pi D 

a 1 24.373781 grad 210 56' 1i:05 -41.756233 'grad -37' 3' $21 
U, = -35.260531 " - 1  44 04-12 4.9600658 " 4 27 50.61 
U .  - -57.607548 " -51 50 48.46 194.59737 " 174 57 27.48 

0 = .37050712 m .37035596 m 

x- * .16663650 " .07960646 " 
P 

Y~ = 
,195186 34 *09748358 " 



It i s  now convenient t o  wri te  the  constants A1, B , C , A , B2, C2, 1 1 2  
Dl, El, Fl i n ' t he  form of a 3 x 3 matrix a s  follows: 

For t he  two s ta t ions ,  these constants computed by means of formulas 

(9), p. 11 of Reference (12) w e  

The d i rec t ion  cosines o r  above constants a r e  now re fe r red  t o t h e  l o c a l  

coordinate system by multiplying the  above matricee by the  appropriate A(" 

matrix. The resu l t ing  s e t s  of constants m e  

A convenient check on the  numerical work i s  furnished by the  re la t ions  

associated with the  direct ion cosines of th ree  mutually perpendicular l inee .  

Thus, t he  suns of t he  squares of t he  elementq i n  any row o r  column-must be 

equal t o  one, and t he  sum8 of the  products of the  corresponding elements of 

any two rows or  column's must be equal t o  zero. 

The direct ion of the  ray from the-camera t o  a f l a sh  point  may be found 

using formulae (11) of Reference (12) t o  compute the  standard coordinates 

U 



The azimuth angle K, measured from the  pos i t ive  X-axib i n  a clockwise 

direction is given by 

tan K = 3 
k 

The elevation angle q i s  given by 
I 

0 

co t  E = b2 + 7,c 

For t he  RC-7 f l a sh  we have t he  following values: 

.v 
Y 

tan K 

c o t  E 

The Z coordi~ates of t he  +,wo ~ t a t i ~ a g  are 

z 54 88438 40.1300 
I 1 )  

The azimuth angle of the  be*e line ie 89' 39 35.52 

The adjustment and triangulation is made, following the method outlined 

i n  Sec. 1, of Reference (6) .  a is the angle at Pi C and % at Pi D. The a 
1 -a A L nni 1 1 ,  n I r 7  
v r r r u c m  u~ a -iu u ar.e .uvs) . ty j ,  a d  1090b.2155 meters respectively. Hence, 
we have the  values 



cos ~ ~ p l  - '= .81811( 

cos a --b = .86228 
A. f ' - f  - - I ,  1 l l  QJ, s i n  (aa%j = . Y L U L O ~  ( cos (a 

tan E_ = 1.58843328 ' cos E .28% 
U 2 a 

tarn P = 1 .boll6849 COB % 
-b 

= 033747 

The coefficients of the condition equation are 

Then raa] = 9.2765, K = 1.0738 and the corrections to be applied 

to the measured angles are 
I1 

v - 0.87 
aa 

'4, 
.. -.- 1-a 

v~ = 1.36 a 
v = - 1.30 
Fb 



The functione of the angles needed to compute the coordinates of the 

flash point are 

- c~LL. I. nnL sin % - .pu++c.;ju 

tan E = 1.58845650 
8 

A...- 1 l t A l l l 1 n R l  
CIYI \ - r . - r w u T F A  

b sin a, 
U 

sin (n 1 P 6067.4240 
- --- '-a --b' 

b sin a 

and 

z, = 9692.689 

The corrected azimuth angles measured from the + Zt axie are 



m-- n4 rur- rr CI 

b a i n  q 
U X = cos K + Xc 

s i n  (%+a,) 

b sin 
U 

Y =  s i n  (cl,+ab) s i n  K + Yc 

and for P i  D: 

. b s i n  aa 
X = sin n! w COB K + 

'-a .a1 - 

b air; G 
a Y =  s i n  (a,+ak) s i n  K + YD 

COB K = .57511829 .50634062 

X = 1954.4785 1954 4783 

At-eragifig the reg-db frcm Stations pi C Pi 3, the  soor~natce 
of the RC-7 f l a s h  point are 

Table 26 i s  a t'abulation o f  XYZ coordinates resulting from triangulations 

by the two Askania aamerae. The Z coordinatqa are  not corrected for re- 
9rram4-4rrm mka n--A- - A A U A * - ~ ~ & A -  AD L ' - J Y - ~ Y - C I L  
A&- W A V U .  LUG L ~ ~ C L G G  GUUL U L I I ~ ~ C C S  UI ~ U C ;  u - ,  &t iii6iiient of f i r i n g  mid 

of the burat, a f ter  being corrected for refraction are shown i n  Table 27. 
The check-runs for 21 March Ml.1~2 and 10 April ~ 3 / ~ 1 - 1  and ~ 3 / ~ 1 - 2  a r e  also  
t~hi11nt.efi Table 26. A c ~ p m i = ~ n  b e t v e e ~  the origins r=&ctione 

the check run reductions are an indication of dif ference6  t o  be expected 

f rom the two e e t e  of independent plate  measurements, 



4.6 Space Coordinates of Aircraf t  a t  Time of F i r ing  

A sample calculat ion for 7 May M l / ~ l  follows: 

2, Aakaniaa  eight of Instruments) 1 ,OO 

3 . Refraction Correction ( ~ a b i e  20)  .. 1.42 . 
4. Aircra f t  Velocity correction 957 

5 .  P o d t i o n  of RC-7 Flash a t  T h e  Gun 
Fired 1955.435 -488.474 ,9692.263 

6. Disix.nce between RC-7 Flash and End 
of Gun Barrel  - .% * 0 0 -  .81 

7. Posit ion of End of Gun Barrel  when 
Gun Fired 1955 .055 -488 a474 9691 a453 

The space coordinates of t he  RC-7 f l a sh  were obtained from t he  Aekania 

from the  time difference between-the RC-7 f l a sh  and the  gun f i r i n g   a able 
25'), and the  average veloci ty  of the  a i r c r a f t .  Correctiona i n  t he  Y and Z 

directions were so small as to be negligible. 

4.7 Space Coordinates of Burst 

A sample calculat ion fo r  7 May ~ 1 / ~ 1  followe: 

1. Burst without refraction correctione 2424.414 -600.480 8043.853 
2, Refraction correc'tion - 1.28 

3.  Burst 2424.414 -600 480 8042 @ 573 

The q a c e  coordinatee of the burst  ware obtained from the Aekania cameras 

as able 26) and the ref'raction correction f'rm 3.5. 



4.8 Velocity of Aircraft 

Since the time was not picked up un t i l  the f i r s t  RC-7 f lash occurred, 

the  average velocity of the a i rc ra f t  a t  any particular f i r ing  was computed 

from the rese t  and post-survey fiaehes foliowing t h i s  event. T h e ,  the 

average velocity of the a i rc ra f t  is determined from the  survey flashes tha t  

occur up t o  approximately 3 seconds af ter  the gun i s  fired. In view of tha 

fact that the differences in  times between the post-survey flashes are  

practically constant (0.5 sec.), and only the time between the reset  and 

f i r s t  post-survey f lash d i f fers  from th i s  0.5 second value, the velocity of 
L *-,-,01 -.-- )La +ha qrd7p,f i4++af l  ha+=,anr? +ha - b W a r n  b-Cl1 -0 a V C &  UL ULLG V G A U b A U & F ; U  U b U W b F ; A A  U A A b  A \ rUGV 

and post-survey flashes. A t e s t  calculation was made whereby the velocity 

waa computed by weighting the  velocities between flashea t o  the differencea 

i n  times between the flashes. The resul ts  of the two methods agreed t o  

within lcm/sec . , thus eliminating the need of any weighting. 

A sample calculation i s  given of the a i r c r a f t  velocity for 11 April 

)UIP3-1. From Tables 25 and 26 the &, &, &3 values between the reset  

$lash and post-survey f lash No. 10 are 

Velocity 
& AY &Z Distance ht (meters/sec. 1 

z l l r 7  ngnn 1 xcRIt n 7 A" /IU-+ z h R  1 211.9990 1z4R -., A. /;Nu 

105.7541 5.1530 .4025 105.8803 .50062 211.4984 

105.8469 .4g998 211.7022 

105.6765 A9993 211.3826 

106.0361 .50002 212.0637 

105.8322 .50005 211.6432 

105.9685 .49998 2u .g456 
10 5.7917 .49997 211.5961 

106.2526 .50001 212.5009 

105.8607 .50000 211.7213 

Mean Velocity = 211.7144 

(entered i n  Table 27) 



A bias  or constant error  i n  se t t ings  m d e  on t h e  survey flashes will 

not a f fec t  the value of the a i r c r a f t  veloci ty* The similarity i n  appearance 

of the photographed flashes r e su l t  i n  very accurately measured distances, 

appra-tely 5 microne ofi the plate. With 8 picme scsle of 

1:27,000, t h i s  is equivalent t o  0.135 m i n  the a i r .  Dividing t h i s  dletance 

by the average difference i n  time between the flashes of 0.5 seconds, the 

c r a f t  i s  not accelerating or decelerating during these times a be t t e r  

velocity value is  obtained by averaging. Because the a i r c r a f t  velocity 

m y  no% be constant i t s  velocity should be determined with the help of the 

pre- and post-survey flashes.  The requirement of a i r c r a f t  velocity t o  

2 2.0 f t /sec.  appears t o  have been sa t i s f i ed .  

4.9 Accuracy of Askania Results 

The following tabulation i s  a sample of mean errors  i n  the  XYZ coordinates 

of the RC-7 f lashes a s  tr iangulated by the Askania cameras. An example of 

the  computations is  a l so  given. 

Date ~ i s s i o n /  Point m,e. m.e. X m.e. Y m.e. Z 
Pass Triangulated (microns) (meters) 

7 May ~ 1 / ~ 1  22 .8 + + + 
RC-7 Flash 0.073 - -072 -.l25 

7May ~ l / p 2  33.2 + -+ t 
RC-7 Flash -.209 -.203 - 359 

7 Un-r Q . 5 + - 1 1 A  + RC=7  Flash . &a.V - 119 
+ 

P m j  MJ/P~ . -- - _ ---- 202 

A Sample Calculation of Mean Errors i n  the Position of the RC-7 Flash fo r  

7 May ~ 1 / ~ 1  follows . 
Coordinates of f lash  point from tr iangulation (4.5 (B)) :  

Coordinates of Cameras: 

Pi C 

X = -1535.0080 

Y -5452.0527 

q = 54.84% 



Observation Equa3ione isee coefficients of &, &, & in Fornuhe 48, 

Reference (12)) 

& bjj Az 4 
.0000118 585 . O O O O ~ ~ ~  378 - .OOOO17 3942 • 000002 34 
.0000289422 - .0000155616 .0000024645 .0000011g 
nnnni i I t  1, Lll 

.VVuVAl r rVL)  
nnnnonvnL i 

- .uVVVcc(yVA 
nnnni Q 1 LLo 

'.VVVVIUAUUC 
nnnnni nn - . VuwuILy 

- . 0000276427 - .0000147086 .00000093~0 .00000122 

Normal Equations: 

Inverse of Normal Equations: 

4,= -.ooog 

5 = .0322 

A = -,OWj 

Then, substituting in the observation equations: 



The weighting coefficients from the inverse are 

and 

Since the geometry of the flashes in relation to the Askania cameras, 

and the mean errors of the plate measurements for all missions are practi- 

ca l ly  the same, the requirement of determining the  apme p ~ s i t i ~ n  of the 

aircraft at the moment of firing and the space position of the burst to 

2.0 ft. are satisfied. 



5.1 Pr0.1ectile Velocity Determination 

muzzle velocity of the projectile. These velocity cameras were positioned 

( ~ l g s .  13 and 14) fore and aft in the nose of the aircraft so as to f o m  
+..A Lc.mn7 4 - m n  n f i n n - m ~ ~ . ( m n + ~ l ~ r  3 F; ma+arra 4 lanrr+'h .(34mcl+ m e 4 v  
~ W U  v a D c r A r l c D  j L aypl uArura ucry  r . / A A D LAA A G A A ~  V A L  . ILLG A LA o u Y-AA j 

cameras Nos. 2 and 3 were so oriented that a picture of the projectile 
would be taken at time t,, soon after leaving the end of the gun barrel. 

I 

The seccmd =eirj emerca h f n ~ ~ ~  1 ~llld k j   ere 80 oriefited t h ~ t  a aecnfid 

exposure wouid be taken at time tg, a fraction of a second iater. The 

position of the projectile from each set of cameras can be computed(6) and 

since the elapsed time (t- - t-) between the ex;oosuyes can be measured, 
' -2 I 

LL- ---1 A,-#&-- -a A -  - -  & 1 ,-,, &LA -.--l A A* &L- -.- am... L- .a-&--*...-a 
b i l e  VC4.lJGAbJ Ul. bl1C PL-U JCG b A I C  11tJUl 1 lUULLlC Vl. b11C &Ul 1 V C  UC bCLXlLIIICUe 

Scale for the velocity camera system was essentially determined from the 

coordinates of the control points which were used in establishing the 

four velocity cameras were determined by direct measurements. These 

distances do not enforce the scale of the velocity camera system but were 

I,?R& to estahli ~h the )5 Y -o 7, nos3 x ---------  ti nns of t h e  mu_r camerras. Small 

deviations of the Xo Yo Zo po'sitions from their true values were compensated 

for by specific camera orientation parameters a, w, and K . 
TWO exposures are taken by each camera ( ~ i g .  15).  The first exposure 

was taken over the calibration pit where khe'relative orientations of the 

camera8 were determined by the use of control points. The second expmi~re 
taken over the range soon after the gun was Tne small circles 

(~ig. 15) show the fiducial marks, control points and the projectile that 

were measured on the 35mm velocity camera film. 

5.2 Relative Stability of Velocity Cameras 

A total or? five j j m m  Robot type cameras were mounted in the aircraft 

on an' invar system. Camera No. 5 was used to check the stability of the 
system by photographing a cross mark positioned in a collimated light 
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source. Any rotation in cameras Nos. 3 and 4 re la t ive  to cameras Xos. 1 

and 2 (~ig. 16) will result in a change of position of the image of the 

cross r e b t i ~ e  t~ t he  f i d w i a l  mrks In the two exposures made with camera 

No. 5. 



CAME 

FIG. 16 - SCHEMATIC OF VELOCITY CAMERAS 

THE SYSTEM PROVIDES FOR A STABILITY CHECK BETWEEN 
CONDITIONS AT TIMES OF CALIBRATION AND FIRING. 



a v - m n l a  ef' t he  =&he& used tc ccmpute the rebtive stability of the Yru CbAb -cWrrrIb 

velocity camera system, computations for 7 May M./i?i foilow. 

CLWP? NO. 5 

Film measurements while over the calibration pit: 
, 

1 x (meters) lv 

Fiducial Mark No. i, denoted GGi nlrrnrE n n x Q L r  
*U31Y70  uclu03 

Target Cross, denoted 002 .046259 . 017328 
Fiducial Mark No. 2, denoted 003 .051158 .010684 

Film measurements for 7 May Ml./~l firing: 

Fiducial Mark No. 1, denoted 101 .a51536 .024516 

Target Cross, denoted 102 069838 017996 
F i d u c i a l  Merk No, 2, denoted 103 .074735 .011368 

a v  
Distance 

A 

003 - ooi 
103 - 101 

01.86 5 56 
Scale factor P = 1.001~3 01 302 

During Calibration 

002 = 
E 

difference = 

'A?  + 101 v = 

102 = 
difference = 

1_ (meters) n1 -.L--, - 
lJ1tI~uKlCC= 



.0017039 x scale factor = .0017062 

distance during calibration = .0017029 
a = w n n z q  
U A A  I G I  C A A L G  VVV// 

= 3.3 microns 

focal length of camera No. 5 = 152, 000 microns 

w l m t  ~ystem mved in seconds of arc = 3 . 3  x 206,265 = b e 5 v  
is2, GW 

Distance between Target Cross and Camera No. 5 is approximately 2.3 m. 

Amount moved in millimeters = 
3 .5  x 2,500 = .050 

152,000 
U..-A-F -4' a+ah4 1 4 +-r n h n n t ~  
U-A J U A  m u c + u r r r  v J b r r - b r a u  

Mission Amount of Movement 
T7 I#-.- ut /o1 
1 may PU/ r~ 

7 May ~ 1 1 ~ 2  

7 my ~ 1 / ~ 4  
7 .yay ~ 1 1 ~ 5  
8 ky M3,1p~ 

me abwe reslults indicate t h a t  the r_mc?_ra orientations as obtained 

during the calibrations are little affected by any distortion of the invar 
system. 

5.3 Calibration of Velocity Cameras 

.PA -.."A DFC=-= ~f the lack of a=j' centrcl points for the ve1ecit.y camera 

orientations at the time of airborne firing, the following method was used. 

=-aA-- ~ e ~ u r c  a iiiis~iaii the r orientations were deter&r?ed f r o m  ph~ts- 

graph8 taken over the calibration pit and were assumed to remain relatively 

fixed to each other until after the gun was fired. 

The film measurements of the projectile from the photographs ta~en in 

the air were then evaluated in terms of the calibration parameters observed 

over the c ~ ~ . l i b ~ ~ t i ~ ~  p i t .  mAig -gee acc~gplished by ccgg~tiw the difference 
# 

between fiducial marks and projectile from the pnotograph taken d ~ i w  

the firing, applying a scale factor correction for film shrinkage and thus 



interpolating the rays of the projectile into the calibration records. 

Using these reduced projectile film measurements, the coordinates of the 

projectile were determined. 

The positions of the projectile at times tl and t2 are in the cali- 

bration pit coordinate system. However, this is of no consequence since 

only a difference in coordinates of the projectile i s  required for a 
velocity computation. 

Camera No. 1 taken 7 m y  Ml/~1 follows. To simplify the computation, the 

film when measured on a comparator is lined up so that the x-axis of the 

. 
7 May ~ 1 1 ~ 1  Camera No. 1 

Film measurements while over the calibration pit: 

l x  
(meters) 1 

Fiducial No. 1 called 001 .281414 .300000 

Fiducial No. 2 called 003 .300001 . 300000 
difference .018 587 .000000 

distance between fiducial marks: .018587 

Film measurements for 7 May ~ 1 1 ~ 1  firing: 

lx (meters) 1 
y 

Fiducia l  mark No. 1 called 101 .2814~ . 300000 
Fiducial mark No. 2 called 103 . 300000 .300000 

difference . 018550 000000 

distance between fiducial marks: .018550 

The projectile film measurement f'rom 7 May ~ 1 1 ~ 1  firing is denoted as 102, 

and computed projectile measurement reduced to film taken over the cali- 
t 

bretion pit is denoted ae 102 . The film meaeuremente are 



1 (meters) l 
X Y 

correction 
t 

i nq 
A W L  

(ALx)(scaJe factor) = .007865 

(Al-) l# - ( scale factor)= .00351 J 

The absolute control points, one situated a t  the bottom of the ca l i -  

brstio~ p i t  t h e o t h e r  one the gun rod, yere so -ranged that they 

would be approximately i n  the same re la t ive  position w i t h  respect t o  the 

velocity cameras a t  the time of the calibration as  the project i le  wae 

duing  the  miseion. If the control points and the project i le  were exactly 
q . 1 .  in the aame rerazlve position, any camera orientation obtained f r o m  the 

control points when ueed t o  triangulate the position of the project i le  

would produce coordinates for  the project i le  equal t o  the original coordinates 
A* &I..- 3 ~ ~ + - n 1  -CII-+L. ~ m a a m \ l a h  m m  +ha ~ n l m + . ( t r m  + i n  ef C Q G ~ ~ Q ~  u& UUF; b U l A U 1 U I  p U & I I U O e  U A a P J A L U b L L  U W u W  w yvu&u&vM 

points and project i le  are  approximately the same, 8xnd-i. biases in the 

individual camera orientation parameters have negligible effects. m the 

5.4 Scale Factor 

A acale f e t o r  was used i n  a l l  velocity' camera reduction8 . rt vwae 

.aeBumed tha t  the difference i n  the dietancee between f iducial  marks as 

meaeured during the calibration and miseion was due t o  temperature changes 

in the camera and of t h e  fih. It I s  important t o  normaiiee thia distance 

eince a l l  velocity camera photographs of the project i le  were reduced a f t e r  

being projected onto the photograph taken during the calibration. 



5.5 Camera Orientation Elements 
b 

The camera orientation elements for each velocity camera are a, o, K , 
Xo, Yo, Zo, c, x , yp. Six of these nine orientation elements are either 

P 
known or can be adequately assumed for the velocity camkras, or can be 

determined by independent measurements. 

The three elements of interior orientation c, x and yp are 
P 

c, the principal distance or focal lengths of the cameras which was 

given, and 

x and y , the coordinates of the principal point were assumed to be 
P P 

zero. 

The six elements of exterior orientation areXo, Yo, Zo and a, o, K . 
Xo, Yo, Zo, the coordinates of the center of projection for each velocity 

camera were determined by the following method, Distances were measured 

between the centers of proJection of the RC-7 camera and the velocity 

cameras, Thexoordinates of the veloc%ty cameras for each calibration could 

then be detenniqed by algebraically adding these dietances to the coordinates 

of the RC-7 camera as determined over the calibration pit. 

a, o, K , the 'three rotational orientation elements, remain to be 
determined to complete the required nine camera orientation elements. 

5.6 Methods of Determining the Velocity Camera Orientations 

The number of absolute control points necessary for a unique,solution, 

to determine the orientation elements of,a single camera is n, where 

n = number of absolute control points 

u = number of unknowns 

with 

u = 3 (the three rotational elements a, a, K ) 

n = 1 112 



Only one absolute control point is available by which the velocity 

camera orientations can be determined, point No, 25 for camerss Nos, 1 
- 3  6 . Y  A U 0'7 *A- A-..,n..I.C.,.. aTLTA,. Q 7, T+ r..nn +l.,An6.prrra ..rarrnaaarrr una 4 urlu p u l u \ r  IYU. c ( ~ U L -  ~wt;~-ut) nuD. c ar~u I .  w ~ I ~ C A G A U A  G L L G ~ G O D C W A J  

to make use of relative control points applying the method of double point 

resection in space or to reduce the number of unknowns (u) by obtaining a 

value for oQe cf th_p tkpp r ~ t ~ t j ~ _ n _ e 1 _  element8 by Borne other m e a n s ,  

In the case of cameras Nos. 2 and 3, the value of K was determined by 

direct measurement on the film. Since the tilt angle o is small, the value 
for 6b'&ilie& in this - -  s-&ficiziitly acc-h-atee TbLiGi; the  EiEwa 
number of absolute control points will now be reduced to one. In this 

manner all camera orientations for velocity cameras No. 2 or No. 3 were 
made, f ~ l h f i n g  the methods outlined in Reference (4).  

In the case of cameras Nos. 1 and 4 it was possible to make use of 

relative control points. Relative control points are points common to both 
- -  L L -  4 & 1 T& r r r r a n q k 7 m  
C~~~~~ UUb WLLUBt: U U U l  UL-C 11Ub AIlUW11 LC, WCLD 11VIr YUDPLUAG UU LIKLBLG 

use of relative control points for cameras Nos. 2 or 3 because no common 

area was photographed. 

All camera orientations for cameras Nos. 1 and 4 were made following 
the method as outlined in Reference (8) which determined the orientations 
of the two cameras simultaneously with the coordinates of the relative 
- 1  - - . A - L -  mL- - A , -  ---I----- A- L A  A n  + +..A ~.n---nn n-A C o r r b r o l  yu~xi~ts .  ~ n r :  m u  ucuuluwrl t s  b u  uc u t : ~ c r - r r r u ~ c u  LUL- WAC bwu C U D  arc 

the three rotational angles a ' ,  o' , and K for camera No. 1 and d ' ,  cut', 

and K " for camera No. 4. Each point gives rise to 4 equations. -Using 
the ~hanl l l ta  control s o b t  fin= 25 end j relative c o n t r ~ l  pints;  16 equations 

for the 15 unknowns of the solution are obtained, constituting a slight 

over-determination which acted as a check against coarse errors. 

3 *7 Nm"Der of CameraB Eequire& far a Pf jectiie Tfeiocity "uete=aau-latioil 

It is preferred that all four velocity camera orientations be known 

In which case the XYZ coordinates of the projectile for times tl and t2 were 

obtained by trlanguiation. However, in some cases because of poor qdity 



images of the projectile, camera maifunction, e k e ,  only three or less of 

the four camera records were available. Muzzle velocity reductions were 

not made when Less than three camera orie~tations were available or when 
No i or 4 -were miBehe* hY aiilrox-*e m=yno& of %he 

. 
position of the projectile when camera No. 1 or No. 4 is missing could be 
critical because of the weak geometry inherent in the measuring set-up. 

5.8 Projectile Determination when Two Camera Orientations are mown 

. * wnen the pro jectiie is at time .i; and bot'n camera No. 2 and NO. 5 1 
orientations are known, or at time t2 when both camera No. 1 and No. 4 
orientations are known, the prodectile position is determined by the methods 

9.9 Prodectile Determination when either Camera No. 2 or No. 3 is Missing 
8 

When the camera orientation for either camera No. 2 or No. 3 was 
missing a close apraximation to the position of the  prodectil-e ves obtained --- - - 

the projection of the ray from one of the cameras to the projectile onto 

the plane containing the gun barrel axis and the center of projection of 

that camera. 'Thus the position of the projectile at time tl was determined 

by the intersection of the two corresponding lines. For an example of this 

method see 5.11. 

5.10 Computations of the Coordinates of the Projectile by Triangulation from 

Two Known.. C -era OrienAat_iona 

In this example the orientations of cameras Nos. 1 and 4 were determined 
by using one absolute and three relative control points. This example is 

for 7 May ~ l / p 1 .  

The approximation values for a, a, K , were taken from a similar 
m n 7 i 1 + 4 n n  n m n n + h n + ~ .  A n  It -g~ijLd paye p=ggihle +,= \,an a n m w n v 4 m a + 4 n m  
Y V & U Y I V . . .  &-I U...VVUY& - w w  . uub clyyr u r r - v r v r r  

vaiues obtained from the geometry of the physicai set-up of the cameras In 

which case several iterations would be required before the corrections to 

the a p p r 0 1 c ~ t o n s  remained sufficiently unchanged, Ln thla exaqle  nQ 
A - -  ,-A,- ----->---a 
L LeruuunB were requlrea. 



Tne values for the center of projection of the velocity cameras 

were determined as follows: 

mrne RC-7 camera center of projec.i;ion as detemined over the 

calibration pit for the 7 May Ml/~1 are  a able 15) 

Applying these distances to the RC-7 values the centers of proJection 

fo r  the two velocity cameras are 

Camera wo. 4 Xo = 95.9233 Yo 
= 96.6151 

Zo = 5.6567 
n ~ n - n n u 4 m s + I  nn r rn l * *na  n n n r A 4 n a + n m  -9 +ha m a m a n m a  n a 1  nwmnn4-a 
I L L 6  * I  CLIL-IILVU V C L L U G O  j bUUI ULAAC,V=m V I  A bCYUGA CLD C L I A U  VS&-SZUVD ~f 

inner orientation8 are a8 follows: 

= 00 32 26.87 

= 88 23 1em7y 
I g.24i.6 meters 
1 96 5960 

r ,. 5. R h g ~  -- 
= . i5;2 
rn ,290708' 

3. .30oooo 

00 07 33.53 
272 28 02.68 

95.9227 meters 
96.6160 

5.6567 
. i52 
3-5 

* 400000 

The coordinate8 of the abaolute control point are (see Point No. 25, Table 1) 



Camera No. 1 
- 

Camera No. 4 

abe. p t .  No. 25 287590 302 364 394455 .396618 

r e l .  p t .  No. 4 .291942 304349 ,390202 395147 
r e l ,  p t ,  NO. 5 .291666 294791 389879 .404 392 
r e l .  p t .  NO. 6 .292120 309032 390337 .390668 

The direction coaines from formulas (1 3) of Reference (8) are 

A1 = -COS a cos K + s i n  a sin m s i n  K 

B1 = -COB u s i n  K 

- Bin + sin Erin C1 - 
A2 = -cos 'a s i p  K - sin a s i n  m cos K 

B, = COB a CO8 K 
-2 
C2 = sin a sin K - cos a s i n  o COB K 

D = sin a cos cu 
E = sin o 

Camera No. 1 

.02579661 

- 99957511 
n l ~ c L n L Q  - . VLJ~UyUU 

98773415 
. 02757744 

- 153690% 

- 15 399929 
.w4355 

Camera No. 4 

F = cos a cos cu - . gS802587 - .95908526 

The approximation values for  the three relative points, computed by 

Point No. 

The coefficients of the observation equations are given by formulae 

(40) and (41) of Reference (8). The observation equations are 
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The solution of t h e  no& equations formed Prom these obser"~8tion 

equations yielded the following values: 

Ay6 
= -0.0152 

a6 = +0.0052 
t " 

= +oe00061jl rad. = +02 06.47 

AK' = -0.00347670 rad. = -11 57.U 
d' = +0.00006063 rad. = +00 12.51 

I t  
I - -n nn97&& ,--a 9 3 ~ 3 3  
LW - - V . V w L  I7w7u .L UU. - 

n 
~ n - -  A a~ = -0.OlObU7lU rad. = -36 44.B 

considered sufficient. 

Adding these values to the approximation values, the follow-ing elements 

sfor the relative orientation are 

fl~rnfi-n W T n  1 
~ O U L G A C L  A ~ U .  r Cmera NO. 4 

a"+-& = l m O  531 39:145 , 163' 33' 27: 9 
o " + h  = 00 21 59.28 - 00 02 03.80 
w O A u  = rn T Y n  88 l j i  13.65 271 51 u8331 
C - - .152 .152 

- a - .290708 390665 
v I . ~ 0 0 0 0  . 400000 
#P 
Using this relative orientation and the measured coordinates of the 

proJectile t h e  azi~?+;h =rl &epre_aainn angles of the pro$ectile at each of 
- the two cameras was computed. introducing the standard coordinatee of the 

projectile, the coordinates at unit distance frm the point of projection are 



From the relative orientation by means of formulas (9), Reference (12) 

the constants are 

Camera No. 1 Camera No. 4 '  
nzi 9-1 ~ K E  . WJA6-L ( V /  

99947572 
.00858750 

- ,sfly$* 
.03237169 

- .28292167 
,28y)511j_3 

- .00060020 

The quantitiee u, v and w are rompiitad t ~ i  mems of f~ rn -6  (111, 

Reference (12) making use of the plate measurements of the 'projectile: 

Camera Go. i F1 - - - -  r 1. I;Bmera no. 4 

289279 392547 
1 . -303513 .4&200 
- Y nr~nncRrll~ - ,vcuv JU 1-r nxonvnJ~ n u . v/7v ( v - r v  

From these values, the standard coordinates of the proJectlles are 

Camera No. 1 ' Camera No. 4 

Then, the azimuth angle K (measured from +X clockwise) ie tan-' q/t 
an8 the depreseion aagle E, 18 cotoi itP + n e i r  values are ar followe: 



Camera No. 1 Camera No. 4 

tan K - .12501681 
I 1' 

.a930658 
0 11 

TP ,,,o ., 9 E;? n A / L  & w e / /  2O 49 21.98 
- / / c . A ~ c /  

cot  € .1&24451 zoouyi~o 

B , 82O 21' 1 c 6 4  75" 05' 5<h7 

The Intersection of these 2 rays i s  found by a least  squares adjustment 

as outlined i n  Reference ( 6 ) .  From the XYZ coordinates of the cameras, the 
ii 

azimuth of the base line i s  determined. It i s  179' 30 21.06 and the snglea 

between the ray and the base l ine  at each of the cameras is as follova: 

A L  at- 1. 
AG cumera nu. A. 

At camera No. 4: 
--- AL- a-1 1 - - -d- . -  --am it C P ~  be geen +;h& a 1 s  the msb a t  r ~ u m  +sit: L UAIUW sue U A ~ L  w a 

cmra  100. 4 and % a t  camera No. 1. I 

P 

Hence 



sin a, = .05785888 cos a,, CL = .99832 
sin % = .11548871 "k = a99331 

- - 6 1  A /  

sin (aa + %) = a ~ . ( z - ~ o o y  COG (aa + 06) = .yo~+yo 

tan E- = 3.7580908 COB en = .25742 
CL - 

tan +o = 7.4490928 cos E b = .13305 
a = .$&gogW( 

and from p.  8 Reference (69 

d = sin or, tan E _  - s in  a tan < + a sin (ap + %) 
U a, U U t a 

6 . -niRwL37 ..--// -- I n = p . = (206265)(.01855427) 

The coefficients of the condition equation (3)  p.  8 Reference (6) are 
- 

a- I = - rcos L a a tan c b - a cos ( ~ g  + jl = -7.~180 
-3 J 

a2 = '[cos-:~ tan + a COB (aa + %)_1 = 3.8215 

a3 
IP sin 5 sec2 E 

a 
a 4 n  a =ec u &..a 

2 
a Eb  

and equation ( 3 )  becomes 

The 'corrections v q  , v~ , vcm, V E ~  , are comkted by means of equations 
C+ dla u 

' ( 5 )  Refewnce ( 6 ) '  where K = - - 
P 3 

K = -39.7957, where [d = 82.2580 
0 



Adding these corrections t o  the 

From the formulas on p .  7 Reference (6) and the figure, it follows 

that 

b sin 06 tan b s in aa tan \ 
z = -  + z ,  = -  

sin (aa + % j  + '1 sin (aa + - 4 

where b = 2.3190 m 

sin a* = .05951221 - 
sin % = .11463311 
+A- , E = Z 7E31 ERE 

a J .  I /LA/"/ 

tan E = 7.4909419 
b 

sin (aa + 5 )  = .17354982 

Hence 

n nnnr Z = -u.uy"~ 
a 

Z, = 
-0.0916 

m- - 3 - 3  
1.0 xrna the j; 6 y coordiriete~i af the projectile, the corrected bese 

line angles are converted back i n to  azimuth angles: 



mi- -.- 9,- M ,,,,, nr- xnen zur. ~trurcr-u nu. l-i 

b sin a 
a 

X = cos K + X, s i n  (a ' a ~ b '  & 

b sin a 
a 

Y = sin K + Y1 sin (an - + %). - 

and similarly, for Camera No. 4: 

b sin % . 
]C = cos K + X 

sin (a- + q j 
- u U 

4 

b sin 5 
Y = ( a  +%;, K +Y4 

a 

where 

U 
- = 0 ~ 9 5 2  

sin (aa + %) 

b sin a- 
a rA = 1.5317 

sin f n  + a 1 
'-a --b ' 

sin K- = .12319642 
--1 ' 

nhnzQnzn 
c08 K1 = - .yyr;ucJv 

sin K4 = .05090084 

cos KI. = .99873712 
4 

= 96 .2922 
"1 
Y, = 96.5951 

x!, = 95.9233 
y4 = 96,6151 

with the result that 



5.U Computations of the  Coordinates of the  P ro j ec t i l e  When One of the  

Two-Camera Orientations i s  Missing 

I n  t h i s  example the  or ientat ion of camera No. 3 was missing. It was 

possible however t o  determine an approximation t o  the  coordinates of t he  

p i o j e c t i l e  by using the  methods outl ined under 5.9. The following example 

i s  fo r  7 May ~1 /~1 .  

The coordinates of points Nos. 26 and 27, which simulate t he  gun 

axis ,  and of camera' No. 2 a r e  

Camera No. 2 

Control ~ t .  26 

'Control P t .  27 

The equation of a plane containing these th ree  points i s  

.06906x - .7795% - .ool87z + 68.6665 = o (1) 

The equation of a l i n e  through points Nos. 26 and 27 i n  t he  two point 

form i s  

The d i rec t ion  of the  ray  from the  camera t o  the  p ro j ec t i l e  was 

determined from the  camera data.  Since there  i s  only one control  point it 

was necessary t o  f i nd  the  value of K by d i r ec t  measurement on the  fi lm. 

K was found t o  be 54.7 grad. 

From the  eingle camera or ientat ion program, t he  values of a and u, 

were 

a = 231.04310 grad = 207' 56' 191164 

w = -.00288388 grad = - 0 0 ~ 0 0 '  091:34 



( a r  ) aaua.rajaa 30 (TT ) s a v u o ~  moq {uaq~,  

axe ( ~ 1 )  aauazajaac(6) s q n w o j  30 s$uwqsuoo aqq 'suoyqquay~o aqq m~,g 

*ptmoj aq X m  Xwa syqq uo quyod zaqqow jo sa$wuypJooo aqq (01) aauaJajag 

l o  (ZT) pw (TT) so-pizo; so swam Kq c~ 30 anph 1.iizqyq.ii w p-m 

s.ram3 aqq jo  sa$aqp~oo;, aqq. .a*y tXsx ayq. uo qtqod auo jo  saqwtrfp~oo;, 

aqq Bu-jno- *a~r$saf'ozd aqq jo sa$mpaooo aqq. any3 T ~ y h  sanyT OM$ aqq jo  
~-rr~a~?~q 3 % ~  * &  ~ T T Q  yT ~ ~ S m n n q +  l-..V- s y ~  arm c+qnd e.;; p ~ w  m-..-o oq; 

-'It 

B I ~ E ~ ~ $ u o ~  a w ~ d  aqq uo Xa;r aqq. jo  uoyqaaro~d aqq s y  yoyqn auTT s a q j a p  

euo~qwn5a onq asaqz *ua$qym aq xwm ( T )  uoyq-nba Xq pauTjap a u s ~ d  aqq oq 

mmopuactxad Buraq p w  equ~od OM$ a n a q  Elqupqnos aua~r I  a j n  n ~ y $ ~ b a  aq? 
c---- a b7ddi)vdu a- a-3 dr(.+ ---A 03 avi 110 s i 4 ~ ~ 0 6  $6 8 a i 4 ~ ~ r ~ f 0 o 3  aqq Buffioa 



Letting Z = 3 ,  from formulas (12) of Reference (12) 

(z) = 3 - 5.8525 = -2.8525 and 

Combining the coordinates of the two points on the ray and the 

condition of perpendicularity to the plane defined by equation (1) the 

equation of the plane through the ray is 

2.2234I-X + 0.19953Y - 1.0699082 - 231.53072 = 0 (3) 

eliminating Y from the equations (1) and ( j) 

and from (2) 

.8520~ + 0.0152 = 83.03135 

x = 97.g27 
Z = 4.0063 

Then from (2) 
Y = 96,7023 

As a check, these coordinates were substituted in all three equations . 
and the equations were satisfied within the l i m i t s  of the accuracy of the 

camputations. 

5.12 Comgutatione of the Projectile Velocity. (7 May U / P ~ )  

Coordinatee of projectile at time t2, computed from cameras Nos. 1 and 

4 axe 



Coordinates of  pro jec t i le  a t  t computed from cameraNo. 2 (camera 
1' 

No. 3 missing) are  

The distance between the pro jec t i le  time a t  t, and t, i s  
I c 

A tabulation  a able 28) of a l l  p ro jec t i le  veloci t ies  tha t  could be 

reduced by the velocity cameras is  l i s t e d .  Also l i s t e d  are  the  values 

obtained by the PVM system. 

r 7 7  -3 >- . -  
3 ulBcusrjlvn 0f Projectile velocity R e s - d t s  

During the planning stages of the prodect it was decided that prodectile 
--a - - * .L * - -  1 3  
y e  WUULU be detemihed by the electronic FVW ~ e t h o d  md checked 

by an optical  method (veloci ty   ame eras). 

spread are  closer t o  the t rue  pro jec t i le  velocity, whereas r e su l t s  by the 

electronic method are  i n  themselves more consistent, but possess a constant 

or bias error .  This conclusion vgg bag&& t e s t s  of t he  system made 

a t  the Aberdeen Proving Ground. In these t e s t s ,  comparisons between an 

opt ical  and PVM system were made using a ground-based opt ical  system which 

was accurately contralled, The results af 20 st-mtm-eous obsemratlons 

showd a $ fl;aer + 1 ftjsec the system over cne 
2580 t o  2640 f t /sec velocity range. 

-...-a uurIng .. crie foilii observation8 at wLI a ,  Cmpmisan of the two 
I 

systems resulted i n  a 17.5 f t /sec 1 3.5 ft/sec smaller velocity fo r  the  

PVM system i n  the 3050 t o  3200 f t / sec  range. It should be noted t h a t  t h i s  

r e s - d t  21btein2& f g, small 6mFlee 



PVM projec t i le  velocity data were transmitted by radio t o  the 
ground s tat ions where they were recorded. I n  cases where the a i r c r a f t  

was not ve r t i ca l ly  above the recording s tat ions a t  the moment of f i r ing ,  

a data error could exist due to 8 secondary Doppler effect resulting from 

motion of the a i r c r a f t .  However, because of the re la t ive ly  s m a l l  a i r c r a f t  

velocity, t h i s  error  proved t o  be negligible. 

Assuming the PVM method t o  be good except fo r  a constant error ,  the 

mean er ror  of a single determination by the opt ical  method may be computed. 

Date Difference Difference E 

(opt -m) (opt. -m) 
/ 1 7  c L ,,,,,,,a\ 
A J V L U D  I - C l . U U V C U /  

7 May 1/1 + 16 f t /sec -1.5 f t /sec 

7 May 1/2 + 10 -7 5 

7 May 1/5 + 27 +9.5 
8 May 312 + 17 -0.5 

+ 
Mean = +l7.5 f t / sec  - 3.5 ft/sec 

+ The mean error of a single difference i s  approximately - 2 m/sec, which, 

using an average time of .0042 seconds between times tl and t2, amounts t o  

an error  in distance of 8mm. 

In regard t o  the opt ica l  method, factors  tnat could contribute 

t o  t h i s  8mm value are  

(1)  An incorrect time difference At between the two micro-flashes of 

approximately 9 micro-seconds, the approximate pro jec t i le  velocity being 
ar;h IseC. 
//"-/ 

Checks made a t  Aberdeen Proving Ground, Maryland showed At t o  be 

mcmgte to 1.2 0.5 micro=secondg. 

( 2 )  Incorrect velocity camera orientations.  

The r e l i a b i l i t y  of the camera orientations i s  assured by the e m a l l  

mean errors of the c o n t r o l  point plate measurements which, f o r  most re- 

duction~, were i ese  t'nan 5 microns, 



( 3) Film measurements of the projectile . 
An error of 8m in the distance which the projectile travels between 

time t an8 t could, because of the geometry of the velocity camera system, 1 2 
be attributed to errors of approximately 7.5mm from camera No. 1 and No. 4 
and approximately 2.5mm from cameras No. 2 and No. 3. 

The errors in the projectile plate measurements that result in the 

7.5nma and 2.5m values may be computed from Fig. 17. Cameras Nos 2 and 

4 are not shown and the dimensions listed are approximate values. 



FIG. I7  - ERRORS IN PROJECTILE VELOCITY INWCED BY 
~ A P . I . C I P I ~ ~ A . ~ I A . ~  1 ~ 1  ~ ~ n - r r p ~ l ~  r u 
IULN I lr I b W  I I V N  Cnnvna IIF rnvvLu r r ~b r W ~ U W  

MEASUREMENTS 



~ 1 2  E3 
tan 0 = = - 

G 2.5mm 

The above computations indicate that an error of 8 millimeters in the 

distance the projectile travels from times t, to t, could be the result of' 
-L L 

fih measuring errors (e. and e-) between 35 and 40 microns on the pro- 
'-1 

A --I) 1 - D--- --- 
3 

jecsire unage. . 
a- and e- are not set t ing or measuring errors but m e  identificati_on 
-1 -- - 5  - -  --- 

errors. Repeatability of set t ings  mace on the projectile we was within 

10 microns. The size of the projectile image varies from approximately 600 

to 1000 microns in diameter, and in some cases appears elliptic all^ shaped. 

Again it is noted that this 35 to 40 micron error was baeed on a very mall 
ample of four measurements. 



5.14 Final Projectile Velocities 

If the resul ts  as  determined by the four velocity cameras are used 

and the PVM values are considered good except for  the 17.5 ft/eec bias, 

the final proJectiie velocities are t abda ted  in  Table 29. 

The project i le  velocity determinations i n  common f o r  the optical and 

electronic methods comprised too small a sample of measurements t o  determine 

with sufficient accuracy the difference between these methods. It is 
+ therefore doubt fu l  the  projectile velocity v=s determined &Q - 2 ft/seor 

I f  the bias due t o  the PVM method i s  t o  be determined by comparisons 
* + - -  -r-7 n - 4  +*r namnna a 1 a w m n  n - ~ r n h n w  =f measq;raentg ghQ~fid he WAULA ELLA U V A ~ A G  V C A V G L V J  LCYYGACLO 8 r-6.. A A - U ~ A  

made. In t h i s  way identification errors made when measuring the project i le  

: image on the film may be averaged out. Also, t o  slmplif'y the camera 

orientation reductions, a t  l eas t  three absolute control points should be 

photographed from all four velocity cameras. 

However, a bet ter  method of obtaining the project i le  velocities would 

be either t o  determine the PVM bias by comparisons made on the ground with 

a controlled optical system, or  to determine and eliminate the cause of 

big= the P ,  gystm. 



CONCLUSIONS 

Calibration P i t  

?n- -L--l- +LA -nl - + * - v n  -r\n-t+-t r \ m n  nf' + k a  +r .rarrC~r- i .3 -r -  rnfin+rnl r \ n i m + a  1. I.U c r l c c a  U ~ C  ~ - c ~ ~ ~ ~ v c  YuDIuLul ID u A  uuG u w ~ r ~ u y - ~ A V ~  +urruAwA y v u r v u  

in the  cal ibrat ion p i t ,  six widely separated control points should be 

observed before each RC-7 camera exposure over the cal ibrat ion p i t  i s  made. 

2. Unless the check survey on the six control points indicates a 

change in  t h e i r  re la t ive  posit ions a complete p i t  cal ibrat ion on a l l  
+ - * a n + - r - f ' - t - r a  n n l  4 n is not necesgmy . rrwGrr uy -A A v c burr UL v r  p u r r r  uu 

3 .  Directions t o  the four s ta t ions  of the quadri la teral  and t o  the 

two control  points simulating the center line of the  gun barrel can be 

made t o  within 2 seconds of arc ,  and directions t o  the twenty-five pit 

control points can be made t o  within 5 seconds of arc.  This would insure 

a sufficiently accurate determination of the re la t ion  between the gun and 

t he  SiC-7 camera. 

RC-'7 Camera 

1. Periodic cone cal ibrat ions would make it possible t o  observe any 

changes of metric significance i n  t h i s  basic measuring instrument. 

The RC-7 cone should be cal ibrated by taking star exposures a t  the 

h a n i n n - I n r r  r~euur- of of firings. The cdibra+,ed f ~ c d  1ene-h &cd 

distor t ion curve thus determined would then be used i n  camera or ientat ion 

reductions over the range. 

Lens dis tor t ion corrections should be determined simuitaneousiy w i t h  

the RC-7 camera or ientat ion reductions fo r  all plates  taken over the c a l i -  

bration pit, 

2. Unti l  the problem i s  solved of maintaining with suf f ic ien t  accu- 

racy the interior orientation of the RC-7 the elements XoYoZo for the R C - 7  

over the rmge s"ndd be enforced from the position of 

the  RC-'7 camera as tr iangulated by the  Askanla cameras. 



3. Results from t h i s  group of firings indicate that the requirement 

of determining the direction of the gun during the  time of f i r ings  t o  within 

1 m i l  was sa t i s f ied .  

Askania Cameras 

1. Since a systematic error  i n  the orientation of the  U.S.C. and 

G.8.  Triangulation Net may exis t ,  the flashes as triangulated by the two 

ground baaed Askania cameras w i l l  not necessarily be compatible with the  

range control points or  the RC-7 camera resu l t s ,  a s  determined from these 

range control points (page 11, Reference (9)) .  A rigorous method i s  

suggeated whereby the flashes can be trianrnilntsd by using three ground 
O------ 

based cameras following the method outlined in Reference (9).  The computed 

coordinates of the flashes and t he  RC-7 camera r e su l t s  w i l l  then be reduced 

t o  the same l oca l  coordinate system. 

2. The requirements of determining the re la t ive  space coordinates of 

the a i r c r a f t  and the burat t o  2 2.0 feet  and the velocity of the a i r c ra f t  

t o  2 2.0 f t l s e c  have been sa t i s f ied .  

Velocity Cameras 

1. The constant differences between the ProJectile Velocity Meter 

(m) and velocity camera systems, i f  determined from airborne f i r ings ,  

should be based on a large number of comparisons. T h i s  constant difference 

could be much more readi ly obtained by ground-based comparisons where the 
method be ~ r n w ~ r  -nn-i*o+nl v nnn+~-n11 PA Iq either case the ca~jge v FSA J C.kL CLL CL V C I J  bU11 VA V I I b U  . 

of a PVM bias  should be understood and removed i f  possible. 

2. The camera orientations of each of the four velocity cameras 

should be determined from a t  l eaa t  three absolute control  point^. 

3. Scale for the velocity camera8 ie the result of the computed 

coordinate8 of control points No. 27 on the gun rod and No. 25 i n  the p i t .  

This scale will be adequately determined i f  direction8 t o  theae points are 

known within five aeconda of arc. 



4. Results from camera No. 3 indicated tha t  the s t a b i l i t y  of the 

invar bar system was greater than required. 

5. It i e  doubtf'ul tha t  the requirement of determining the pro jec t i le  

velocity t o  f. 2.0 ft /sec for t h i s  small sample o f  rounds was completely 

sat isf ied.  However, a sample of approximately 15 rounds, obtained with, 

suitable calibration, would be suff icient  t o  meet t h i s  requirement. 

*wJ"""" 
MYRON W. LAWRENI=E 



The author desires t o  acknowledge h i s  indebtedness t o  those who 

have assis ted in i;he fieid o'Deevations md %he b t a  reductime, eepecia iy  

t o  

Miee Laura E w d t  fo r  identifying the s ta re  tha t  were measured on the 
A - L - - A -  ,i,r,, ,,,,,~r,, I . .  L 1 ....a +L- ....A4mA+~~a 
AC)lCUKlL& PABbeU, GUlBpUbl.Xl& buu G u u r U A l A t b r , ~ ~  UJ. u L-DUWD cvru urrw y r u j w u  r-w 

fkom the Askania and velocity cameras, and fo r  e k e  of the hand computed 

examplea oontalned in t h i s  report,  

Miss Mary Alice Lookenott for  the large amount of card punching and 

checking t ha t  wae required for  the different  codes, programed on the 

electronic computers, 

, Jmea Lindenmuth fo r  help i n  the f i e l d  observations in establieh- 

lng cal ibrat ion p i t  coordinates and e tab i l i ty  t e s t a  carr ied out in 1957 
and again during the initid phase or  the 1958 f ir ings,  and for  help i n  

the hand aanrputing tha t  was requlred t o  check the quadrilateral adjustment 

and p i t  ~oordinnt.ta G Q & ~ ,  ma 

Mr , Frank D\iBois and M r .  Jack Strat ton fo r  help in the calibration 

p i t  field o b e e ~ a t i o n e  made during t h e  initial phase of the 1958 f ir inge 

and tne p1-ate measuring and auxiliary computations required i n  the reductione 

of these f i r ings ,  



Reuyl, D. re all is tic Measurements of Aircraf t  Gun -figs at H i g h  
Altitudes" , Bal l i s t i c  Research Laboratories Memorandum Report No. 921, 
August 1955. 

Menne, D. F.  netru rum en tat ions for  Acquisition of Ballistic Data on 
Full Scale Aircraft Gun  rings", Bal l i s t i c  Research Laboratoriee 
Report No. 1103. 

Jordan-Eggert " ~andbuch der ~ermessun~skunde': Ester Band, J. B. 
Metzlersche Verlagsbuchhandiung, 1935. 

Schmid, He H e  "An Analytical Treatment of the Orientation of a 
Photogrammetric Camera" , Be,.lli.&ic Regem& Laboratories Report 
No. 880, October 1953. 

Schmid, Ha He "~etermindation of Spat ial  Position and Attitude of a 
Bombing Aircraft  by an Airborne Photogrammetric Camera", Ba l l i s t i c  
Research Laboratories Memorandum Report No. 787, May 1954. 

Schmid, He He "spa t ia l  Triangulation by Least Squares Adjustment of 
Conditioned ~bsenrat ions" , Bal l i s t i c  Research Laboratories Report No. 
75Zi Max-ch 1931, 

Hanson, F. 9. "~tmospheric Ref'raction Errors for  Optical Instrumen- 
tation", Technical Memorandum No. 104, White Sands Proving Ground, 
Las Cruces, New Mexico, October 1953. 

Schmid, H. He "A General Analytical Solution t o  the Problem of Photo- 
grmetry'l, Ballistic Research moratoriee Report Noe 106 5 ,  July 1939. 

Schmid, 8. H. "Spatial  Triangulation by Means of ~hotogramme'try" , 
Bal l i s t i c  Research Laboratories Report No. 784, October 1951 . 
Schmid, H. H. "some Remarks on the  Problem of Transforming Geodetic 
El l ipsoidal  Coordinatee in to  Cartesian Coordinates with the Help of 
A - 2  ,,,, s T - 2  fl--.....,&-- .L)*.,.AI& mnqqdn+(f i  k neaucea u , VA-L'UUL;UICW \ r ~ i l l p u u ~ ~ -  ncyur U, D-AD UAG AGRGCU GU 

Laboratories, Vol. 6, 80. 2, April 1939. 

Brown, D. C. "Adjustment and Triangulation of Fixed Camera Obeer- 
vations" , Bal l i s t i c  Research Laboratories ' ~ e p o r t  No. 960, October 1955. 

Schmid, He H. " ~ n  A n d p i c d .  Treatment of the Problem of Triangulation 
by ~tereo~hotogrammetry', Ba l l i s t i c  Reeearch Laboratories Report No. 
961, October 1955. 



—— —

TABLE1

XYZCOORDINATES●kROMDDTERENTPIX’CALIBRATIONS
(Meters)

Dateof Cal, Control Point Number
Calibration No. 9 15 17 19 23 25

28 Feb 1958

28 Feb 1958

3 Mar 1958

3 Mar 1958

4 Mar 1958

10 Mar 1958

11 Mar 1958

21 Mar 1958

07 x
Y
z

96 ● 3812
9.2522

.8625

95.1599
96.7266
.8627

95.1600
96.7266
.8625

93.1600
96.7268
.8625

95.1600
96.7268
.8625

95●1599
96.7268

.8625

95●l~gg
96.7269
.8623

95●1597
96,7270

.8625

95,1597
96.7272
.8621

94.6696
95.0419

.8646

96● 3590
93.9083
.8628

96● 35$7
9399085
.8628

96● 3590
93.9085
.8627

96● 3590
93●9087
.8626

96● 3591
93.9086
.8628

% ● 3589
93●9089
.8626

96● 3590
93.9086

.8626

96● 3587
93.9086

.8619

98.0693
95.0255
.8625

97.5126
9697381
.6976

08x
Y
z

96.3815
98.2522
.8627

94.6696
95,0421
.8647

98,0692
95.0255
.8624

97.5127
96.7381
.6975

96● 3815
98.2523
.8626

94.6696
95.0422
.864P

98.0696
95.0256
.8624

05 x
Y
z

97● 5131
96.7381
.6975

96● 3813
98.2523
.8625

94.6697
95.0422

.8645

98.0692
95.0257
.8624

09 x
Y
z

97.5126
96.7383
.6975

%03813
98.2523
.8627

94.6697
95.0421

.8645

98.0693
95.0258
.8625

10 x
Y
z

97.5126
96.7382
.6975

g6● 3814
98.2523

.8625

94.6696
95.0422

.8644

98.0692
95●0258
.8622

97.5126
96*733
.6973

l-lx
Y
z

96● 3812
98.2524

.8627

94.6696
95.0423
.8643

98.0692
95,0259
.8626

12 x
Y
z

97● 5125
96.7384
.6975

96● 3812
98.2524

.8621

94.66Y4
95.0!23

.8639

98.0691
95.0256
.8619

13 x
Y
z

97.5124
$.7382
.6971

21Mar 1958

28 Max 1958

‘ 2 Apr 1958

14 x
Y
z

97.5124
9607384
.6968

96.3809 95.1597 94.6693 96.3W 9f30069197.5123
98.2521 96.7260 95.0420 93.9085 95.0254 96.7381
.8600 .8602 .8620 .8603 .8600 ,6951

96.3809 95.1597 94.6695 96.3589 98.0691 97.5125
98.2522 96.7267 99.0421 93.9084 95,0255 96.7380
.8621 .8623 .8642 .8623 .8638 .6973

16 X
Y
z

102



TABLE 1 (continued) 

XYZ CoORDINmS FROM D PIT CALIBRATIONS 

Date of C a l .  
Calibration No. 9 

Control Point Number 
1 5  17  19 23 

no / \ /AT\ 

yo. uoyu 

95 0258 
.8624 

2 Apr 19% 

10 ~ p r  1958 

10 Apr 1958 

11 Apr 1958 

17 A P ~  1958 

22 Apr 1958 

22 Apr 1958 

6 May 1958 

L ra,,. i ~ K R  " may A7jCI 

vn.rr 

yo. 3C)J-U 

90.2322 
,8621 



Pate of 
C a l i h r a t i ~ ~  

TABLE 1 (continued) 

XYZ COORDINATES FROM D l l m m I m  Prn C A L ~ I O I Q S  
(Meters) 

15 Mw 1958 

21 my 19% 

22 May 199 

23 m y  1958 

26 May 1958 

27 May 1958 

2 J U ~  1958 

4 Jun 1958 

5 Jun 1958 

5 Jim 1958 

Cal . 
NG . 
28 X 

Y 
z 

Control Point Number 
A 15 17 19 2 j 

96.3810 95.1596 94.6695 96.3589 98.0689 
98 . 2523 96 7269 93 04% 9 J 9090 95 0259 
.8617 A616 .€I638 .8620 .8622 

96.j812 95.1595 94.6694 96.3587 98.0690 
98 2521 96 7268 95 0420 93 9084 95.0252 
.8616 .8614 .8635 .8616 .8627 

96.38@ 95.1595 94.6693 96.3588 98.0686 
9862519 96.7266 95.0422 93.9085 95.0256 
.8610 .8610 .8631 .8612 .8614 

96.5807 95.1596 94.6692 96.3587 98.0686 9 27th 96 7270 95.0426 93 . 9j93 95.0261 
.8612 .8613 .8635 .8620 .8619 

96.3809 95.1597 94.6695 96.3589 98.0689 
98 2521 96.7266 95.0421 93.9086 95.0257 

nc1 h . W L L  
QL- n 

.WIL .863 .86;4 .86i6 

96.5807 95 .1595 94 *6693 96 3587 98 ,0686 
98.2520 96,7265 95.0420 93.9085 95.0257 
.8624 .a622 .8647 .8634 .8635 

96.3809 95.1594 94.6691 96 3585 98.0685 
98.2520 96.7267 95.0421 9309089 95.0256 

.a629 .8624 .8644 .8630 -8631 
96.3812 95.1597 94.6695 96.3600 98.0688 
98 2519 96.7266 95.0421 93.9067 95.0256 
8624 3623 -8642 .a622 -8628 

96.3816 95.1604 94.6699 96.3592 g8.06go 
98.2520 96 7272 95.0427 93.9089 95.0257 

.8622 .&~i .&43 .a24 .8624 

96 5804 95 1591 94 6689 96 3582 98.068 3 
98.2525 96 7271. 95 0427 93 9089 95 0258 
.a614 .8615 .8640 .8618 .a616 



Mean 
E r r o r  

C a l .  Angle An&Le- An@.e Aolgle Angle An&: Antfie W ; l e  Single 
Date No. 1 2 3 4 5 15 7 €1 ----------- 7-- 

Angle 
tTTT-rlt-- 

420 14' 47' :31 4470 3 420 26 - 420,,21 470 24 47' 46 42' 331 
?ERR- T61733jg T31EF TIib loT3T T p T  .'As7 933- 



TABU 3 

C a l  
Date No. Sta. A Sta. B Sta. C &a.  e en forced) 

10 Apr 1958 19 X 92.7746 X 92 .7610 X 100.0000 X 100.0000 
Y 100.0422 Y 93.4308 Y 93.4023 Y 100.0000 

6 May 1958 24 x 92 . ~ 4 8  x 92 -7610 x ~ 0 0 . ~ 0 0  x 100.00~ 
Y 100.0424 y 93.4309 Y 93.4023 Y 100.0000 



rn-D : m Q m  HI- C ~ U r n ~ W L  !TATI:OIQIS ------ - (Me te r3  ------- 
C ! a l  . 

 ate no. A-B B-C c: -D+ ID-A A-c B --D - - - - - - - -  ------ 
g Fe'b 1958 01 6.61q~4 7.23862 6. ~j9770 7.22565 9.81294 9.?7@5 

l o  ~ p r  1958 19 61 .611:57 7.23932 16 . lj9770 7,22552 9 .81295 9 . T75 31 

22 Apr 1958 22 6; .6~r13 7.25936 6 39770 7.22570 9 .81.318 9 "7'157'3 

6 m y  :1958 24 6; . 6 ~ 4 8  7 . 2!3907 6 . ! jgno  7 22530 9 .81,29 3 9 "7729 



Date of 
Callbrat ion 

28 Feb 1958 
28 Feh 1958 

3 M= 1958 

3 bfaI- 1958 
4 ~ t ~ r  1958 
10 ~ e r '  1958 . 

11 Mar 1958 

1958 
2i ~ a r  1958 

28 ~ a r  1958 

2 Apr 1958 
7 AF 1958 

10 Apr 1958 

10 Apr 1958 
ii ~ p r  1958 

17 A P ~  1958 
22 Apr 1958 
nrr r--- men rz ~ p r  A Y ~  

6 May 1958 

6 May 1958 
c, u,,, i n d  
I maJ *7ju 

8 my 1958 

ADJUSTED Z C O I N A T E 3  
(Meters) 



5 (continued) 

AD- Z COORD-S 
(Meters j 

Date of Cal , 
Calibration No. 9 15 17 19 23 25 

21 WY 1958 29 

22 May 1958, 3Q 
23 May 1958 31 

26 M e y  1958 32 , 

27 m y  19.958 33 
2 Jim 1958 34 
4 J m  1958 35 

.5 Jim 1958 36 
5 Jwl 1958 37 



COMPU!ED DISTANCE BETWEEN COIQROL POlNl!S ON GUN ROD 
I11 Feb to 21 May Runs) 

P t . 2 6  E.27 
X X Ax 

Cal. Y Y & Diet. v w 
Date 140 . Z Z & Meters mm 

ii B& 19% 

7 - - .r A P ~  

13 r 'eD ~ y p  

20 Feb 1958 

20 Feb 1958 

28 Feb i9$ 

28 Feb 1958 

3 Mar 199 

4 . ~ a r  1958 

10 Mar 1958 

ll Mar 19% 



T-UU 6 [continued) 

COMPVmED DISTANCE BETWEEN CONTROL POINTS OH GUN ROD 

~ t .  26 - 
Y 
U 

Cal. Y 
Date No Z 

21 Mar 1958 14 97. %51 
(recallbrat ion) 96 a6994 

nztL  5 . u ~ ~  

17 APZ ig58 

22 Apr 19% 

6 Msy 1958 

7 19% 

4 ,  
4 D i s t *  V 

AZ - Meters mm 

e r n 3 6  ' 

:o2$ 

0036 

An1 f;  . V V I U  

M-XX . VV/V 

n o d  . VLJU 

043% 
I 

MU 
.W& 

nni K 
UVIV 



I-' 
\a 



TABLE 6 (continued) 

COMPUTED' DISTANCE BETWEEN COIWROL POINTS ON GUN ROD 
(22 May to 5 June Runs) 

~ t .  26 ~ t .  27 
X X Ax 

Cal . Y Y AY D i s t .  v w 
Date No . Z Z AZ Meters mm 

AR 7 r O n  fin 7rrf iQ 5Jun1958 37 y,.Jpr y r . ~ r c o  ni I ,  L . ULW 
nL rlx1 I d C1zF.z a""T" 
7 .  (>A2 FJ.(AJA nn11 n 

5.0328 4.1820 -$.8508 .8509 -2.87 8.2369 



m . e .  single 
Control direction m . e .  AX m . e .  AY 
Point (sects of arc) (-1 (-1 

Average 35.06 i . 1 ~  2.0803 

Ap~raximate - - uncertainty in control point positions: - 
# 4 



M3"11AN EmORS OF CONTROL POINTS 
; - 

m.e, single 
Control direct ion m . e .  & m.e. b;f 
n - a  roznt ( s e c t s  of =A - I  (m) (mm) 

+ 
? -12.73 ' +. 34.81 +. 1550 
8 220.32 f.4210 f 2774 

9 58.53 2. 3@7 
+ AEAA -.Low 
I 

19 236.49 5.9872 2.44-60 + + + 20 -33 • 71 - 6959 -. 4618 
21 2% y2 - . 5745 +.pp , 

+ 
-- 

Average 

Appraximate uncertainty in controi point  positions: = 

2 2 



TABU 9 

MEAN FIRRnRfl OF CQ!.QL PQTIQFB - - .  ----.- 
FROM 6 MAY PIT a f i m l k r ~ a v  

m.e. single 
Control direction m.e, & m.e. a 
i?ointi i sect s of arcj (m) (mm) 

Average z8.76 2.8536 + 
-052% 

Approximate uncertainty in control point positions: = 
b 

I 2 2 

C/x + = 1 . 0 0 7 h  



Pt. 
No. X 

n m a ~ r r  ma nm m,tn munna AF D F ~ T T ~ ( ~ ~  
~ D U L I I U  WE rwu I.ULAZWUU vr. rwvurrvu  

PIT CONTROL PORKC COORDINATES 

I* 11* 111* 

Ian'EBS 
I1  

3 March Quadrilateral 1.06 

Average 3 .0000'j 

22 April Quadrilateral 0.90 

Average = .00025 

I t  

6 m y  Quadrilateral 3.98 -. 

Average .00037 

* I - P h d  coordinates of C o n t r o l  Points by L e a s t  Squares A&Juetment 

XI - Final XY coordinatee of Control Points by Averaging the 6 sets of 
Coordinates as obtained from the 6 Baselines. 

XI1 - Difference between the 2 methods, 



COMP.AR:ISC~NS OI? '1540 SETS OF 132-7 CAIWtA O R ~ ~ J T A T I O X ~  -------------- 
OtrER CAL1BRAT:ION P'D ------ 

~ ~ d o r c i n g  c , x and ;yp) 
9 

/ 

Cad.  Dacte Controll Date ole m . e .  * a a) K ICo 
ISro . Pt,s . S i m e  yed Miss:Lo~i :m.e. a m.e.  a m . e . ~  m.e. X; 

0'5 3 M~rrch 8 May 5.9 198.277 .206 -49.395 96 .4-13 96.720 5.661~ 

.oo63 .OO~IL . ooc6 .ooo5 . ODE! 

24 6 May 8 WY 8.4 198.226 .216 -49. :Bob 96.4.12 96.720 5.t561, 
.0110 .oo8g .OOX) .ooog .0008 . 0016 



TABU 12 

COMPARATOR CODE 

-- 

loo 

200 

300 

400 

Control 
Point 

9 
-1, 
14 

21 

.12 

3 x 'L/ 

Inn v nn-.nm n - r m r  +ha r m n o e  For 21 Mnvrh M P , / P ~ )  n 1 c,cutrc~  a W V  GA A L. L L I A b U  L -- .-.- --- -- 

(meters) (meters) 

* 
Original p l a t e  measurements as given by.comparator; multiple se t t ings  ' 

were made, however only averages a r e  shown here. 



RC -7 ORIENCATION OVER THE C A L W I O N  PIY 
1r (enforcing c,  xp L 

Showing residuals In the plate measurements and control points 

Calibration Date 21 March 

Control Residual In the Residual in the Control Points 
Point No. Plate Measurement 

(microns) (millimeters) 



TABU 14 

RC-7 OR'IENTATION OVER THE RANGE - - - 
. .. - 

( enf orc in -7 Xoj %' zo 

Showing residuals i n  %he plate iiieaauremmt:: contre'"l p o h t s  

Control Residual i n  the 
Point No.  Plate Measurement 

(microns ) 

0.8 

I-. j 

Residual i n  the Control Points 

(meters) 



10 Apr 



SHW : I I . ~ & ~ T   of c a n t ~ l  pointis mtca&L 
+w* 1mea~3 mmr in :miczrems o:F aL s.ingllc mlea;surermmrt of uni t  wei&t 





a 
-5- METERS GRAIX3 c , xp, y P i n  l ~ E R S l  
m. 
dl *: m.e. in mic.ron.6 
al *: 
1- i a (O K g  c X 

g g P 0, a, 1: 
m.ce. x 

Y~ 
-P opt -4 d! 1n.e. a! a1.e. u, m.e. K m.e. c m.e. y 
6 r 1 0 *o Yo z0 g g g P P a S: F4 E! 

1.0 : ~ ~ p r  1/2-2 16 1.7 5130.896 -:557.405 9566.298 197.7~6 1.244 -52.739 .1.00610 - . O O O ~ I  .000010 
. OOX) -0035 ,, 0010 1.9 6.2 6.2 

1 L 1 ~ p r  113-1 7 2.1 18.15.220 -552.959 5643.207 197.836 .3g6 -53.886 .1.00596 - .oooog:i .oooo& 
.00& .OO4g ,. 0013 2.3 7 06 8.0 

12 1/52 7 2.0 3283.635 -626.962 9640.157 198.586 - . ~ 4 .  -53.406 .1-00599 -.000085) -.000011. 

.003; .0041. . O O U  2.1 7.1 7.4 

1L3 7 May 111 5 2.0 1953.168 -488.47'4 $92.633 197.255 -2.993 -56.810 .1~00615 -.000029 .000026 
.0&2 .0051. . a 1 3  2.9 8.6 8.8 

FA ro 
~n 114 7 ~ a y  1/2 5 3.1 1744.571 - ~ 7 . 8 5 5  9539.128 196.995 1.715 -57.526 . : ~ 0 0 6 ~  -.000051 -.000012 

.007o @V-7 .0021 3.6 13.1 14.3 

:L 5 7 W ?  1/4 5 3.5 1786.280 - 395.1% 9622.0~45 196 -7'24 .7 3+ - 58.140 . ~oo5gB1 - .000067 .OOOW~ 

.0080 .009(3 .0024 4.3 15.3 16.2 

.16 8 my 31/1 6 3.2 1803.757 -461.055 9702.347 197.085 2.766 -50.465 .~oogg6 - .000127 - .000066 
.0071 .008:1 .0023 4.1 13.7 14.6 

17 8 ~ a y  3/2 4 2.4 1826.179 --646.7:38 9690.270 1.97.6~40 1.314 -.51.55:3 .loo606 - . o o ~ o ~  .000017 
.007'4 -0072 .oolg 3.4 13.6 13.4 

Avg. m . e .  = 2.2 

+ C h e c k  -1 * I!?mber. of' control p01ht;s measured 
* m e .  in ndarons oi a sFngle measurement of unlt weight 



C!AMERA CEUEH!ICATICON I ~ ~ S  Ol? EtC-7 I C A L D E ~ R A T I ~ ~ N  PIT ----- ~ a ~ ~ c ~ ~ ~ ~ - - - - -  

Avg. IU. e .  = 4,.8 . tx>cq *loo05 .OO11 . ooB;3 0'059 

#* number of c o n t r o l  poin'ts me!asurcd 
** mean error in mLc~.ons (of a singJLe measurement of unit ~reigh-t 





TABU 19 

RETRACTION CORRECTIONS FROM ASKANIA CAMERAS T O  RC-7 C m  

Refraction Corrections (meters) 

Miss. Mission P i  C t o  RC-7 P i  D t o  RC-7  Difference Mean 
No (1) P I  ( 3 )  (4) 

1 %i ~ a r  

2 21Mar 

3 21 Mar 
4 xm 

5 10 Apr 

6 10 Apr 

I 
In A n w  PI C l p A  

8 10 Apr 

9 11 A P ~  
11 A n r  -- mx- 

11 I1 Apr 

12 11 Apr 

13 7 my 
14 7 May 

15 7 May 
16 8 my 

17 8 May 

* Check Runs 



TABU 20 

DIRECTION OF GUN OVER THE RANGE 
AT THE MOMENT THE (TUN WAS FZRED 

Date d b 4 ~ 4 ~  A v a u) 

21 Mar 58 
21 Mar 58 
21 Mar 58 
28 Mar 58 
10 Apr 58 
10 Apr 58 
10 Apr 58 
10 Apr 9 
11 A P ~  58 
11 Apr 58 
u ~ p r  58 
11 ~ p r  58 

7 May 58 
7 May 58 

7 WY 58 
8 May 58 
8 May 58 

* Check Run 



T W  21 

GEm-"Iiic P(jgmigjj-s GF EGLiy jyjijD -aE L i ' W S  

Point NO= I X 
. II 

Pi C xo 33' 00.502 86O 1&2 

PI D 30 37 57.288 86 41 02.675 

mi3 55 01.732 QL uu 39 59.275 

coupland 30 35 29.220 86 39 10.464 

9 30 34 50.65184 86 45 29.13569 

12 30 30 44.55020 6 42 i6.67yX 

1.3 1 1  1 1  1 1 1 1  c1 0 30 35 Ty o - V T J & C  
RK 1 1 1  E)I  M)I  ?7 
W U  -2 JY.7[72[ 

16 'Jo 31 33.41819 86 40 44.46125 

17 m 36 38.08818 86 42 24.62201 

26 -0% f% jz, j.2 jj.roso~ 66 2 130a9i 

30 37 30.49215 

30 33 24.86331 

30 9 26.67464 
9 i Q nnni Q 

IU rL (ULU 

H 
(meters) 



n - a - ~  ~ T A  ruulb l y u .  

p i  

Pi D 

M I D  

o-up-c 

9 

12 

13 

7L 
AU 

17 

20 

21 

24 

25 

28 



- Pi C - I- CAMERA O-mIm* 

Mission 
Pass 

No. of 
S t a x s  

m.e .  S-e a CD K c Plate M[eas. X 
g g 43 P Y~ 

(xnicmms) m . e .  a m.e. a, m.e. K me. of c m.e. x 
g @; g P m * e *  Of y~ 

Date 

21 M a r  

21 M a r  

21 M a r  

P 
28 M a r  

W 
N 

10 Apr 

10 Apr 

11 Apr 



]Pi C - ASYXIIA CAMERA O l ! ~ K C l C O f l ( S  --- ~~'orc t ing~poZO)---  

M i s s i c r n  1Ko. of na.ee 8irlgl.e a t~ K c 
Date .Pass Stars f ?lat e Meas' . @; g e: "P Y1? 

(microns) m . e ! . a  g m . e . r r  g m.e.olfc m.e.x P m . e . o f y p  

* Check R1IPB 
+~c x  an^ S ~ L U C ! ~  an x~ot r e d . .  t o  a cammrm zero. 

B P - 

c:, :x and y :b omeeers 
P P 

mL.e, tJf c, qp amd. y. in adcrane 
.P 



No. of 
Stars 

m.e. Single a a, K c x P M e  Meas. g g I3 P 
  micron.^) m . e . a  m . e . m  m . e . ~  m . ) e . o f c  m . e . x  

g @; e; P 

Mission 
Pass Date 

2 l  M a r  

31 M a x  

10 Apr 

10 Apr 

11 Apr 





RC-7 Flash 
Gun Tirigger W s e  
Gun Fire 
Start of D o ~ y i e r  
1st Mlicro 
2nd Ittcrlo 
Burst 
Reset 

post Survey 1 1 ,, 9760 
2 2 ,,47t37 
3 2 .,97t57 
4 3.47t56 
5 3.,97(;6 
0 - 

I-' 
L U  7 - 
cn 8 - 

SECONII ROUND 
.RC-7 Flash 
Gun Trigger m s e  
Gun F i r e  
S t a r t  of Do,ppler 
1st Micro 
2nd Mi-cro 
:Burst 
:Reset 

28 MU 
1 ~ 2 / ~ 2  

- .137893 
- . 1 ~ 5 ~ ; 0 0  
- .1332!00 
- .130000 
- .130627 
- ~ 2 6 9 5 0  

None: 
.13f56; 

;2 .274Cl 
;2 .7746, 
3 2746 
.3 0 7746 
14.2746 - 

- 
- 
- 
- 

- .ocl0217 . oc11500 
.0013600 
006goo 
0017910 . Ol2l04 
None 

.15471 

7 Ma,y 
K L / P ~  

- .047842 
- .Oh7250 
- A45150 
- .041800 
- -039558 
- -035329 

None 
165230 

:? .8:1670 
- 
- 
- 
- 

8 blay 
M 3 1 ~ 1  

- .003320 - .,002200 
- .,000100 

.. 00 3350 

.. 004570 .. 008707 
None 
.. 18774 

1 .. 8211 3 
2.30644 
2.83300 
3.33254 
3.83351 
4 33353 
4.83353 

8 May 
~ ? i / p 2  

- 0036495 
- .035&+0 
- .03351+0 
- .0301t;o I 
- .c280r76 1 

- .02sP75 
None 

.189060 1 



Burst 
Flash  RC-'7 
Reset 
Post Survey 1 

2 
3 
4 
5 

Bur st 
Flash RC-7 
Reset 
Post Survey 1 

2 
3 
4 
5 

'I "4. rn..-m& 
LISb D U - D b  

Flash RC-7 
Reeet 
Poat Survey 1 

2 
3 
4 

(meters) 

21 March ~ 1 1 ~ 2  
Co~ rd ina tes  

21 March ~ 2 1 ~ 1  
Coordinates 

10 A p r  ~ 3 1 ~ 1  R d .  1 
Coordinates 

21 March ~ 1 1 ~ 2  Check R u n  
Coordinates 

28 March ~2 /3?2  
Coordinates 

10 A p r  M3/~1 R d .  1 Check Run 
Coordinates 



TABLE 26 (continued)
ASKANIA RESULTS*

2nd Burst
FlashRC-7
Reset
PostSurvey1

2
3
4

1stBurst
RC-7 Flash
Reset
Post Survey 1

2
3
4
5
6

7
8

9
10
11

2nd Burst
RC-7 Flash
Reset
Post Survey 1

2
3
4

(meters)

10 Apr M3/Pl Rd. 2 10 Apr M3/Pl Rd. 2 Check Run
Coordinates Coordinates

x Y z x Y z

3720.04 -801.11 8870.15 3719.78 -801.22 8869.53
3545.90 -782.67 9668.28 3545.65 -782.94 9667.98
3317.84 -769.14 9668.08 3318.93 -770.52 9668.78
3653.06 -7M.92 9667987 3653.02 -789.27 9667.75
3755.88 -795.26 9668.16 3755.80
355.50

-95.46 9667.82
i-801.56 9668.27 3855.42 - 01.73 9668.oo

3956.13 -807.81 9668.45 3956.18 -808.00 9668.28

11 Apr M1/P2 Rd. 1
Coordinates

x Y z

2597.11
2237.76
2161.39
2434.38
2512.07
2617.54
2723.28
2828.87
2934.50
mo .27
3146.14
3252.07
3357.98
3463.95

-262.29
-275.77
-271.75
-286.08
-290.32
-296.25
-302.42
-308.78
-315.01
-321.34
-327.96
-334.68
-~L46
-38.32

7947.88
9550●79
9550.09
9553.77
9554967
9555*77
9557*34
9558.40
9559.43
9560.61
9561.25
9562.42
9563.49
9564.86

11 Apr M.1/P3Rd. 1
Coordinates

x

2012●21
1816●53
1858.13
2206 ●09
2311.84
2417.55
2523.10
2629.00
2734.69
2840.51
2946.16
3052.26
3157●97

Y

-573*79
-552.96
-554.75
-57101J
-576.26
-581.76
-586.86
-592.18
-597.72
-603.20
-608.68
-614.33
-619.88

z

8807.13
9643.26
9643.74
9645.13
9645.54
9645● 30
9645.11
9644.44
9644.08
9643.90
9642.79
9641.99
9641.44

11 Apr M1/P2 Rd. 2 11 Apr M1/P3Rd. 2

Coordinates Coordinates

x Y z x Y z

3785.27 -370.56 8789.41 369.42 -655.88 8820.55
3602.21 -357.40 9566● 35 3284.94 -626.96 9640.21
%44.18 -360.20 9566.56 3338014 -630.01 9639.69
4100.21 -391.41 9570.74 NW MEASURABLE

3794.08 -655053 9634.50
3900● 33 -661.76 9633.14
4006.41 -667.59 9631.45
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TABLE 26 (continued) 

ASKANIA RESULTS* 
(meters) 

7 May ~ 1 1 ~ 1  Rd. 1 7 May ~ 1 1 ~ 2  Rd. 1 
coordinates Coordinates 

Burst an1 x n 996 67; 2424.41 -600.48 uu+,.~, LLV1.-., -206.72 7948.65 
R C ~  Flash LY>~.+u -YUV \4aQ1l7 .-,-I ~ ~ Q A R  7VIL.  -- 1745.88 -217.86 9539.18 
R e s e t  '772.1 77 I -488 i~ 9692 .$ 1798.58 -216 -81 9540.21 
post Survey1 2658.53 -480.31 9697.08 2450.35 -203.08 9554.32 

B-ws t 
EC=7 F h s h  
Reset 
Post Survey 1 

2 
3 
4 
5 

Burst 
h A  m rn? .."L 
RCi - ( I L U D L L  

Reset  
.mst Suryey 1 

2 
3 
4 
5 
6 
7 

7 May ~ 1 1 ~ 4  Rd.  
Coordinates 

8 May ~ 3 / ~ 1  Rd.  1 
Coordinates 

8 May ~ 3 / ~ 2  Rd.  i 
Coordinate 6 

2247,74 -642.51 
1827.49 -646 a74 
1880.32 -646 77 
2311.04 -648.10 

/ \ . A  7- 2505.59 - ~ J + Y * ~ I  
Lcn zrl  2621.73 -u3v. 

~ 7 z n  ~7 -AFT 98 C [ / 7 . / (  --A4*-- 

2857.89 -692 a 8 4  

* Z Coordinates not corrected for refraction 



TABLE 27 

CROSSWIND RESULTS 

(a) SPACE COQRD~P. ' lTS  OF AB.C!?A-FT AT' TIBE OF FIRING: 

1. F i r i n g  - Coordinates l i s t ed  are for  the position of the end of the gun barrel i n  meters 8% 

time of f i r ing  
2. Burst - Coordinates l i s ted  are f o r  position of burst i n  meters 

(b) AVERAGE VELOCTlT OF AIRCRAFT: given i n  rneterslsec 

( c )  ORIENTATION OF THE GUN CENTER LINE IN SPACE AT THE MOMENT OF FIRING 

(d) MUZZLE VELOCITY: 

Muzzle velocity of the project i le  as obtained by optical and electronic methods, 17.5 f t l sec  
constant bias not applied t o  electronic method 

( e )  TlME EMERGENCE OF PROJECTILE : 
Elapsed time i n  seconde between t h e  gun f i r e s  and proJectile emerges from barrel 

( f )  TlME OF BURST OF PROJECTILE: 

Elapsed time i n  seconds between time gun f i r e s  and burst occurs 

Date ( a )  (b )  ( c )  (d)  (4  (f 

~ i s s / ~ a s s  
Round X Y z m/sec 2 ug Optics Elect Emerge Burst 

m vg m sec s ec sec 

21  Mar 1 1840.14 -614.45 9601.44 239.06 198.35 399.80 None 970.79 .002900 .859100 
~ 1 1 ~ 2  2 2033.94 -636.44 8868.61 392.45 198.34 

21  M a r  1 2049.46 -499.04 9485.18 234.26 198.32 ,222 None ' 999 -14 ,002700 .972620 
~ 2 1 ~ 1  2 2256.41 -501.91 8653.69 8.35 198.30 
2 8 ~ a r  11763 .17  -206.60 9592.17 211.02 1961'73 2.19 None 986.94 .003200 None 
~ 2 1 ~ 2  2 1956.55 -204.68 8840.45 37.62 196.07 
iO Apr i i775.51 -6% .40 $63.20 2oi -66 1 9  .lh >YO =no .u> n x  K o n e  n r  Q n n  Y ~ ( . U U  .UU>IZU none 

~ 3 1 ~ 1 - 1  2 1955.32 -737.25 8862.82 348.10 197.29 

10 Apr 1 3546.62 -782.67 9666.90 202.23 198.55 .65 None 964.08 .003200 ,957000 
~ 3 1 ~ 1 - 2  2 3720.04 -801.11 8868.69 26.73 198.41 

11 Apr 1 223.20 -275.77 9549.59 211.81 196.71 1.94 None 956.16 ,003150 None 
~ 1 / ~ 2 - 1  2 2597.11 -262.29 7946.68 33.91 196.19 
11 Apr 1 3602.65 -357.40 9564.99 212.30 196.77 .25 None 955.55 .@3200 None 
~ 1 1 ~ 2 - 2  2 3785.27 -370.56 8787.96 4.84 196.76 
11 Apr 1 1817.03 -552 -96 9642.04 211.71 196.90 399.40 None 951.59 .003300 None 
~ 1 1 ~ 3 - 1  2 2012.21 -573.79 8805.85 387.78 196.84 

11 Apr 1 3285.46 -6&.96 9638.87 212.60 197.65 398.90 None 8 .OO%OO None 
~ 1 / ~ 3 - 2  2 3469.42 -655.88 8819.13 372.21 197.41 

7 May 1 1955.06 -488.47 9691.45 250.80 197.91 397.41 977.09 972.01 .003300 None 
MI/P~ 2 2424.41 -600.48 8042.57 343.20 196.68 

7 May 1 1746.16 -217.86 9537.99 245.58 197.61 1.70 957.68 954.64 .003350 None 
~ 1 1 ~ 2  2 2206.63 -206.72 7947.48 39.30 197.07 

7 May 1 1747.37 -35.14 9620.88 244.49 197.32 .71 946.10 None None None 
~ 1 / ~ 4  2 2259.18 -403.84 8034.17 16.49 197.23 

7 May 
~ 1 1 ~ 5  

Missing flashes on Askanla plates 

8 May 1 1805.45 -461.06 9701.18 235.66 197.70 2.79 None 966.22 .003450 None 
M 3 / ~ 1  2 2226.01 -429.83 8124.22 56.15 196.33 
8 May 1 1827.80 -6G.74 w9.w 235.78 iN.26 1.25 Ni.95 956.77 .00330 None 
~ 3 1 ~ 2  2 2247.74 -642.51 8085.07 39-59 197.86 



:PRoamm3 mm:IT13s .------- 
(by V ~ f i c e i t y  Cauneras ~lnd C orrespo~nding P .V,,M. ~es~llts) 

Distance 

Time (sec)  

Velocity rnete:rs/sec 



Date - 
21 March 112 
21 March 211 

28 March 212 

10 April 2,!1-1 

lG April 311.2 

11 April 112-1 

11 April 1!2-2 
1 1  A 1 / X  1 
LA nyrrr A/ )-A 

11 April 113-2 

7 May 111 
7 May 112 

7 May 1/5 
8 May 311 
8 May _?/2 

PVM Value Final Projectile Velocity ft/sec 

3303 /--- 

329 j 

3255 

3159 
C --/ 

5180 

3154 

3152 

31-39 

3095 
3206 

11 LO 
A- v / 

3076 

3187 

31 56 /-, - 
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